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PARENTS AND ANDROGENETIC HAPLOID 


Figure 1 


{!—Large leaves of the female parent, P1A. B—Small leaves of the male parent, F1 
Gem. (C—Large non-pungent fruit of PIA with immature color of dark green. D—Sr 
pungent fruit of Floral Gem with immature color of bright yellow. E—Close-up of fruit 
androgenetic haploid. The fruits were small, pungent and had an immature color of br 
yellow. The irregularity in shape of the sterile fruits is characteristic of haploid 
F—The androgenetic haploid in a six-inch pot showing the numerous small leaves characteriSti 
of the male parent 
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HAPLOID PEPPER FROM A SPERM 


An Androgenetic Haploid of Capsicum frutescens 


FILOMENA F. Campos AND D. T. MorcGan, JR.* 


HE origin of a plant having a 

single set of chromosomes is 

ordinarily attributed to the par- 
thenogenetic development of an egg or 
a haploid accessory cell ,of the female 
gametophyte. However, the derivation 
of a plant having the gametic chromo- 
number can be established with 
certainty only when the haploid is iso- 
lated from a cross employing parents 
which differ in well-defined inherited 
characters. The majority of 
haploids isolated from marked crosses 
have few have 
been reported which show exclusively 
characters of the male parent*:?, 
The following is an account of the oc- 
currence of a haploid of Capsicum 
frutescens |... which its 1 
heritance only from a sperm cell. 

In C. fruéescens haploids’ occur fre- 
quently as members of twin and triplet 
arising from polyembryonic 
The haploid member of a twin 
seedling is ordinarily associated with 
a sexual diploid®. A total of 142 haploid 
members of 
tically 
classified < to origin':® All were 
The androgenetic haploid 
occurred as an individual plant in one 
part of a study designed 
if haploids 
well as 


some 


great 


been maternal; very 


the 


received in- 


seedlings 


seeds* 5 ° 


twin seedlings from 


marked 


gene- 


; ‘. ] 
crosses nave been 


maternal. 


to determine 
arise from monoembryonic 
seeds as from polyembryonic 
seeds of this species!. 
lines have been de- 


veloped from haploid peppers by doubl- 


Homozygous 


set of chromosomes with 
One such autodiploid line, 
from colchicine treatment 
from a twin seedling of 
variety Perfection Pimento, was 
utilized as the female parent and crossed 
with pollen f the variety Floral 


i single 
colchicine’: § 
P] \, derived 
f a haploid 
‘ 


, 
tie 


trom 


*Scientific Article No 
cultural 


Philippines, College, Laguna, Philippines 


A706, Contribution No. 2935 of the University of 
Experiment Station, Department of Botany, College 
supported in part by a grant from the National Science Foundation. The 
the senior author is College of Agriculture, Central Experiment 


Gem. The two varieties differ in fruit 
and foliage characters (Figure 1 A-D). 
Autodiploid P1A, the female parent, 
has comparatively large, non-pungent 
fruits with an immature color of dark 
green, while Floral Gem has small, 
highly pungent fruits which are bright 
yellow prior to maturity. The F, hy- 
brid has pungent fruits, intermediate 
in size, ‘with an immature color of 
yellow-green. In addition to the sharply 
contrasting fruit characters, the parental 
varieties differ vegetatively. Floral Gem 
produces a short plant with numerous 
small leaves; the autodiploid is com- 
paratively tall and has large leaves 
Seeds from PIA Floral 
were placed in a_ germination 
chamber and_ the 
transplanted to a_ soil 
\t the time of 
germination 
were normal in 
no multiple seedlings occurred. How 
ever, a single atypical plant was de- 
tected during the growth | 
lings. This unusual plant was small 
and had foliage like t 


The F, 


l 


the cross 
Gem 
resulting seedlings 
bench 
greenhouse 
from the 


] 
seedlings 


*hangl r 
cnaniper,r, 


appearance 


of the seed 


he male parent. 
population was subsequently 
screened for haploids by ing 
each plant for male fertility or 
The atypical plant was the on 


individual in the 


sterile 
652. This plant was removed from the 
( | , 


1 
soil | ob- 


potted 
tain root tips for 
chromosome number. Untreated root- 


root-tips pretreated for 40 


order to 


determination ot the 


vench and 


tips and 
minutes with a saturated aqueous solu- 
tion of paradichlorobenzene were 
in CRAF, embedded in Tissuemat, 
cross-sectioned at 14 
with crystal-violet 
method of Ran 


fixed 
ee ae 

micra and stained 

according 

hé The 

Maryland 


investigation 


14 
1O1lp 


Park. Thi 


was 
or “y ldre f 
resent address of 


iversitv ofr the 


Station, [| 


S 
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MITOTIC METAPHASE OF 
ANDROGENETIC HAPLOID 
Figure 2 

Metaphase from a cross-section of a root- 
tip stained with crystal-violet. Forty-minute 
treatment with a saturated aqueous solution 
of paradichlorobenzene prior to fixation. This 
cell was flattened by applying pressure to the 

cover-slip. 2000x. 
number of 12 ob- 


chromosome was 


served at metaphase (Figure 2). Also, 


aceto-orcein smears of microsporocytes 
were prepared from anthers without 
prior fixation. The meiotic analysis 
confirmed the haploid root-tip count. 
The highly irregular meiotic divisions 
of the haploid did not differ from 
Christensen and Bamford’s? previous 
description of meiosis in haploid 
peppers. 

The preliminary identification of the 
androgenetic haploid, based on_ the 
foliar character, was subsequently con- 
firmed by classification of the fruits. 
The fruits were small, sterile, highly 
pungent and had an immature color of 
bright yellow (Figure 1 E). Since the 
fruits as well as the foliage (Figure 1 
F) showed the characters of the male 
parent only, it is apparent that the 
haploid plant received its inheritance 
entirely from a sperm cell. 

Different homozygous lines of pepper 
derived by colchicine treatment of 
haploids have characteristic individual 
frequencies of haploidy in association 
with multiple seedlings®. These distinc- 
tive frequencies have been maintained 
through successive generations follow- 
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ing self-pollination. One of the auto- 
diploid lines has regularly produced 
two to three percent twin seedlings 
with haploid members. In contrast, 
another autodiploid line has never pro- 
duced a haploid seedling in repeated 
tests. All of the haploid members of 
multiple seedlings isolated from gen- 
etically marked crosses have been 
maternal in origin. Morgan and Rap- 
pleye® concluded that the haploid mem- 
bers of haploid-diploid twin seedlings 
arose from parthenogenetic develop- 
ment of synergids. Consequently, it 
seems apparent that the genotype con- 
trols the incidence of haploid embryos 
from synergids in the formation of 
polyembryonic seeds of this species. 
The androgenetic haploid arose from a 
monoembryonic seed. Maheshwari* 
considers that the origin of an embryo 
from a male gamete may be due either 
to the degeneration of the egg nucleus 
so that the male nucleus alone func- 
tions or to the failure of the pollen 
tube to open with development of a 
male gamete in situ. The functioning 
of a sperm in the development of a 
haploid is probably more fortuitous 
than the origin of haploid embryos 
from synergids in the formation of 
polyembryonic seeds. However, experi- 
ments are in progress to determine 
whether or not different frequencies of 
androgenesis occur following crosses 
utilizing homozygous lines of this species. 


Summary 


A homozygous diploid line of pepper, orig- 
inally derived from colchicine treatment of a 
haploid, was utilized as the female parent and 
crossed with pollen from the variety Floral 
Gem. The female and male parents differed 
in inherited foliar and fruit characters. A sin- 
gle atypical plant having the foliar character 
of the male parent was detected during the 
growth, of the F; seedling population. Subse- 
quent cytological analyses disclosed that this 
plant was haploid. The mature haploid plant 
produced sterile fruits showing characters of 
the male parent only. Since the fruits as well 
as the foliage showed characters of the male 
parent exclusively, it was apparent that a 
sperm cell functioned in the development of 
the hanloid. 
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THE FIRST RECOGNIZED PLANT HYBRID? 


CoNWAY ZIRKLE* 


N 1716, Cotton Mather wrote a letter to Mr. h antsh was an oak that was 
James Petiver and in it he described a va- nly morphologically “betwixt” the Spanis! 
riety cross in Indian corn (Zea mays). Mr. and the r or whether he thought that 
Petiver never published the letter and it was 1 as a hybrid between them. 
not printed until 1934, when it appeared in the ‘he meaning of botanical and zoological 
wal of Heredity (25:6-9, 1934). This bastards has already been discussed at some 
description of the spontaneous cross pollena- length in this Journal (Journal of H 
tion of corn varieties is still our first authen- :315-317, 1950). 
tic account of a plant hybrid, but there are a 
number of earlier but ambiguous descriptions word an 
plants that may have been hybrids, and some meant hybrid, but en it was applied to 
tions are so worded that we © plant it usually meant < r int 
whether or not the writers ne tl the bi 
were kt ngly describing hybrids. Perhaps .o instance from this period has been recorde 
the most intriguing of these appeared in the m 1 nd of a bastard plant beit 
listory of Carolina by John Lawson published ered a hybrid. From 1717 « 
in 1714. In listing the indigenous oaks of of the century, hybrid 
Carolina, Lawson included the statement: routinely referred 
“Bastard-Spanish is an oak betwixt We have, however, 


the Spanish and the red oak: the chief “bastard” to describe a plant hybrid but 
use is for fencing and clap boards. It word was used by an American 

bears good acorns.” appeared in 1755 in a letter to the editor 
We know now that Lawson was actually he Gentleman's Magazine (25:407-408). Here 


describing a hybrid oak. The ranges of the a bastard plant was identified definitely as a 


bre e 1 


)tanis imply did not like 


ce rhe nial 


I 
Spanish oak (Quercus falcata) and the red hybrid. The letter was signed “J. C.” and the 
oak (Q. rubra) overlap and, where they over- writer was described as a celebrated botanist 
lap, they do, in fact, hybridize. The ambiguity of North America. It is practically certain 
of Lawson’s sentence lies in his use of the that “J. C.” was John Clayton who lived at 
word “bastard” and, from what he wrote, we Gloucester, Virginia. Clayton was the cele- 


cannot determine definitely whether he meant brated botanist who supplied Jan Frederick 


*University of Pennsylvania, Philadelphia 4. 
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Gronovius with the plants for his Flora Vir- 
ginica, Leyden, 1739-1743. 

Our problem now is to determine whether a 
“bastard plant” meant the same thing to John 
Lawson in Carolina in 1714 that it did to John 
Clayton in Virginia in 1755. If it did, Lawson 
will have the credit of being the first man 
who knowingly described a plant hybrid. 

There is a connection between Lawson and 
Clayton, and the word “bastard” occurs in it, 
but the connection is both tenuous and devious. 
Lawson and Clayton are connected through 
Colonel William Byrd of Westover, Virginia. 
That John Clayton knew Colonel William 
Byrd personally is certain. Clayton’s father, 
who was the Attorney General of Virginia and 
who was also named John Clayton, was a fre- 
quent visitor at Westover, Colonel Byrd’s seat 
on the James River. We know this from a 
number of entries in Colonel Byrd’s diary. We 
also know of the connection between Byrd and 
the younger John Clayton through a letter 
that the latter wrote to John Bartram, the 
Philadelphia botanist. In this letter, dated 
February 25, 1764, Clayton apologized for 
sending an earlier letter through the post. He 
had intended to send it by a friend who was 
traveling to Philadelphia and thus save paying 
postage. The friend in question was Mr. Will- 
ing, Colonel Byrd’s brother-in-law. 

The connection between Colonel Byrd and 
John Lawson is not so direct. Colonel Byrd 
owned almost 200,000 acres of land, mostly in 
Virginia but some of it was in Carolina. He 
became a real estate promoter for obvious 
reasons, and he tried desperately to induce a 
number of Swiss to migrate to Virginia and 
settle on his land. To do this, he wrote a 
book—a real estate prospectus—describing the 
plants, animals, soils and climate of Virginia. 
This prospectus was not published in English 
but was translated into German and published 
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in 1737 in Bern, Switzerland. It bore the title 
Neu-gefunden Eden. This work is now ex- 
tremely scarce—it is almost unknown—and it 
was not translated into English until 1940. 
(William Byrd’s Natural History of Virginia 
or the Newly Discovered Eden, edited and 
translated by R. C. Beatty and W. J. Mulloy, 
Richmond, 1940). 
In describing the plants of Virginia, Colonel 
Byrd—or Wilhelm Vogel as he was sometimes 
called—trelied heavily on the work of Lawson. 
This is especially evident in his description of 
the Virginia oaks. The 1737 edition contains 
this sentence: 
“Bastard Eche, ist ein Eiche zwischen 
der Spanishen und Rothen Eiche/ das 
Holtz ist gut fir Fasstauwen.” 

In the 1940 edition it reads: 
“Bastard oak is an oak between the 
Spanish and Red oak. The wood is 
good for barrel ropes.” 

Here we have a peculiar accident. In the 
German language, “bastard” means “hybrid.” 
But did it mean “hybrid” when Byrd wrote 
it in English? It did, if Byrd and his friend 
John Clayton gave the word the same mean- 
ing. And, if this is true, it indicates that 
Byrd understood Lawson to mean “hybrid” 
when he applied the adjective “bastard” to a 
plant. 

We need more examples, of course, of the 
way the word “bastard” was used by the 
American colonials when they were describing 
plants. What evidence we have indicates that 
in 1737 and in 1755 the word meant “hybrid” 
in Virginia. This is no actual proof that it 
had the same meaning in Carolina in 1714 
Byrd does, however, bring the Lawson and 
the Clayton use of the word closer together. 
We may even have to recognize John Lawson 
as the first man who knowingly described a 
hybrid plant 





FACTORS AFFECTING THE EXPRESSION 
OF SPOTTING IN HOLSTEIN-FRIESAN 
CATTLE 


I. Influence of Sex on the Amount of Pigmented Area 


J. M. Treece, L. O. Grtmore, R. 


\CTS regarding color or color pat- 
terns associated with sex differ- 


ences provide an explanation of 


yhysiological action of sex hormones or 
he basis for identifying genes on one of 


I 
the sex chromosomes. Baldwin et al. }* 
have confirmed, for the blackish pattern 
trait in Ayrshires and Jerseys, the exist- 
ence of a sex-iifluenced mechanism of 
inheritance that affects the appearance 
of color patterns in a sexually dimorphic 
manner. In spotted cattle (ss), the study 
by Dunn ef al.% indicated that the pig- 
mented area on the body was greater in 
males than in females. This has recently 
been confirmed by Berge et al.3 for color- 
sided cattle. In Telemark and Telemark 
< Ayrshire crossbred cattle, they found 
greater pigmented areas on the body in 
males than existed in females. Work 
by Briquet and Lush* has shown no 
difference to occur between the sexes in 
Holstein-Friesian 


) 


spotted cattle of the 
breed. 

In guinea pigs Wright and Chase® 
have shown that males have about seven 
percent more pigmented areas than fe- 
males. It has been shown by Hetzer®, 
however, that males from certain lines 
of spotted swine have slightly but signifi- 
cantly pigmented area than their 
female sibs. With this in mind it was 
desirable to find out which, if either, of 

1e types of sex differences reported to 
occur in the genotype for spotting (ss) 
could be demonstrated in the cattle avail- 
able for study. 


less 


+ 


Procedure 


for this study were obtained 


Data 
from the Holstein-Friesian herds located 
*Ohio 
Agricultural Experiment Station. For 


Agricultural Experiment Station, Wooster 
statistical 


LAIRD AND N. S. FECHHEIMER* 

at the Ohio Agricultural Experiment 
Station at Wooster, The Ohio State 
University at Columbus, and the North 
Central Substation at Vickery, Ohio. 
Photographs of the animals, most of 
which were taken for registration pur- 
Some of these 
1912. The 


1 
poses, were available. 


back to 
Substation 


photographs date 
North Central herd 
started in 1954 and thus had 
photographs of animals available. Usually 


was 


fewer 


there were photographs of both sides of 
the animals. 

Visual estimates of the amount of the 
black pigmented area were made from 
the photographs of both sides of the 
animals and were 
taken. The estimates were recorded in 
terms of a decimal fraction of the total 
area. One person made all the estimates 


animals concerned but the 


averages of these 


esti- 
| 


as CnecKSs, 


of the 
mates of colleagues were use: 


The repeatability of estimates of the 


body pigment was found after 
estimates on three widely 
ich side of the animal 
the 


ig one month. One 


amount of 
making the 
separated dates. Ez 
was classified separately three times, 
minimum interval beit 
side was evaluated in the morning and 
the other in the afternoon so that the 
later rating would not be affected by the 
a previous evaluation. The 
were not 
were 


memory of 
previous classification results 
looked at until all classifications 
completed. The area included these 
excluded the and that 


lerbelly not dist inguishable 


estimates head 
part of the un 

from a side view, but included all else 
that was visible in the S 
Although the head area was excluded all 
white-headed offspring were omitted 


phot rranh 
pn ograp 


Journal Article 


authors 


counselling the 


C. R. Weaver, Ohio Agricultural Experiment Station 
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TABLE 1 


Analysis of variance of black area for 22 animals classified om three separate occasions with the 
two sides of the Is classified independently 





Source of 
variation 


Sum of Mean 
squares 


Composition 

squares F value f MS. 
i 

108902 


107981 1051.52** E+ 38 + 6C 


Between cows 
Between sides 
of same cow 22 491 


88 430 


4.56** 


0.57% of variation due to error. 
0.67% of variation due to difference between sides of same animal. 
+ + 98.76% of variation due to difference between cows. 


sister _- 
Repeatability — 





**Significant at .01 level. 


5.81 + 853.27 
pentane Gn Se 
4.89 + 5.81 + 853.27 





TABLE II. Average amount of pigmented area of animals distributed according to herd, sex and sire group 


Sire Group 


I 

II 
Ill 
IV 
Vv 
VI 
Vil 
VIII 
iX 
x 
XI 
XII 
XIII 


Total or mean 
for herd 


Total or mean 
for herd 

I 

II 

III 


Total or mean 
for herd 


Total all herds 





Fem ile M ile 
Mean amt. of No. in 


pig. area sire group 





562 
.661 
842 
747 
.642 
595 
.894 
479 
.627 
460 
.694 
.248 
594 


FMD wn w 


Mm NS ww 


| 
| 
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from this comparison because another 
study showed a_ significantly lower 
amount of pigmented body area in white- 
head cattle when compared to non-white- 
headed cattle. 

The data were then submitted to an 
analysis of variance and the repeatabil- 
ity ratings were determined from the 
components’. After classifying the data 
and sex within sire groups, the method 
used for finding the sex differences was 
the analysis of variance with dispropor- 
tionate sub-class numbers and correct- 
ing for this disproportionality to obtain 
an unbiased estimate’. Where there 
were less than two in a sub-class group 
the data were rejected along with data of 
the opposite sex for the same sire group. 


Results and Discussion 
Repeatability of visual estimates 
Photographs of 22 animals were selected 
at random to check the repeatability of visual 
estimates. The results summarized in Table 
I show that the variance due to classifying at 
different times was less than one percent of 
the total. The high repeatability indicates that 
factors other than the rating by visual methods 
account for almost all of the variation and 
there is negligible discrepancy involved in 
making visual estimates at different times. 


Sex differences in amount of 
pigmented area 

The data in Table II show the distribution 
of numbers of animals by herd, sex and sire 
group and also the mean value for each group. 
The data were analyzed independently for the 
three herds involved as previously described 
and the results (Table III) indicate that the 
females had 5.01 units more pigmented area 
than males in the Ohio Agricultural Experi- 
ment Station group with slightly larger differ- 
ences in the smaller groups from The Ohio 
State University and North Central Sub- 
station. The difference in the Ohio Agricul- 
tural Experiment Station herd was significant 
at the five percent level but the differences in 
the remaining two herds were not statistically 
significant with the number of cattle studied. 

Bartlett’s test? for homogeneity of variance 
TABLE III Unbiased estimate of sex difference in 


amount of pigmented area on t body of animals 
for each of the three herds 


Extent to which 
females exceed 
males 


5.01% 
7.20% 
6.77% 
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indicated that there was no evidence of hetero- 
geneity among the three groups, so the groups 
were combined. The analysis of variance of 
the combined data was carried out, therefore, 
with the results shown in Table IV. The 
average over-all difference between the sexes 
was 6.84 percentage units of pigmented area 
on the body in favor of the females over the 
males. This sex difference was statistically 
highly significant (P<.01). 

In view of the difference between the present 
findings and those of Berge et al.3, Briquet and 
Lush* and of Dunn et al.5 it can be assumed 
that a different population of cattle with re- 
spect to the particular effect was involved in 
this study. A division of the 13 bulls listed on 
Table II shows, that for the offspring of 
nine bulls, the daughters averaged more than 
the sons whereas the opposite holds for the 
remaining four. With the sex difference not 
being uniform it is suggested that physiologi- 
cal difference due to hormones is not primarily 
involved. Neither is it assumed that the sex 
hormone is present at the time of initial pig- 
mentation. A study of the data indicates the 
possibility of a gene(s) located on the Y 
chromosome that reduces the extent of the area 
which is pigmented in the males. The possi 
bility is not excluded, however, that there 
might be a gene(s) on the X chromosome 
which manifests positive quantitative action in 
the females and which is assumed to have an 
allele on the Y chromosome. It is suggested 
that this gene(s) modifies the expression of 


SS. 
Summary 


Values for visual estimation from photo- 
graphs of the amount of skin area covered 
with pigmented hair in one spotted breed of 
cattle were highly repeatable, with variance 


TABLE IV. Completed analysis of variance of amount 
of pigmented area on the body between sexes and 
between sire groups 


Source f 


variation 


0683 6.83 
exceed males 


SWD 


7Sum o » individual su f squares in Table 
IV do not ec > method of 
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due to classification- at different times being 
less than one percent. 

It was found in studying 314 females and 
213 males of the Holstein-Friesian breed that 
the females had approximately seven percent 
more pigmented area on the body than males. 
This difference was statistically highly signifi- 
cant. The genetic implication is discussed 
with the suggestion that a sex-linked gene(s) 
is involved. . 
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MULTIPLE BIRTH ROSTER 


HE New York City Department of Health 

has established a ‘Multiple Birth Roster’. 
The Roster is intended to be a source of infor- 
mation for research workers in the fields of 
genetics, child development, etc. The De- 
partment will cooperate with researchers to 
supply them with some data which may be 
helpful to them to initiate genetic studies. 

All Multiple births involving at least two 
live infants are included in the Roster. All 
the identifying, demographic, and pregnancy 
information available on the birth certificate 
of each infant is punched on a tabulating card. 
A photostatic copy of the complete record of 
birth is also in the register, so that details 
not available on the punched card may be con- 
veniently abstracted. The Roster will be kept 
up-to-date in three respects: adoption of a 
child, deaths during the first year of life, and 
data fed back to the Roster by the individual 
researcher. The Roster was initiated as of 


January 1, 1958 and will be continued indefi- 
nitely. At a later date an evaluation will be 
made to determine whether its usage by re- 
searchers warrants its continuation. 

Researchers requesting information from the 
Roster will be expected to adhere to such re- 
quirements as the Department may deem nec- 
essary. All requests will be reviewed as to the 
qualifications of the investigator and the value 
of the proposed study. Investigators may be 
asked to allocate clerical staff to assist in 
selecting the date requested. Facts elicited by 
home interviews and/or abstract of records 
are to be made available by the researcher to 
other researchers to avoid duplications of 
efforts. 

Formal requests should be submitted to Dr. 
Harold Jacobziner, Assistant Commissioner 
for Maternal and Child Health Services, New 
York City Department of Health, 125 Worth 
Street, New York 13, New York. 





ENDOCRINE VARIATION 


Thyroid Function in Inbred and F, Hybrid Mice 


C.K. Crai* 


ITTLE is known about differences 
in physiologic characters among 
the genetically well established in- 

bred sirains of mice, aside from 
color, tumor incidence, histocompatibil- 
ity, audiogenic seizure and some less 
well defined traits. Prosser® has pointed 
out that physiological adaptation is the 
basis of the selective value of genetic 
patterns of organisms. It might be ex- 
pected that genetically determined phys- 
iologic characters would differ among 
inbred strains of mice. In an attempt to 
expand knowledge of variability of 
physiologic characters, quantitative meas- 
urements of thyroid activity have been 
in four inbred strains of mice and 
two of their F,; hybrids. On the basis 
of known inbreeding history and a 
sizable information about biological and 


coat 


made 


behavioral characteristics in these mice, 
the differences and similarities in thy- 
roid function among them should be of 
interest from both genetic and physio- 
] 


1OPIC 


standpoints. 
Methods and Procedures 


Female mice of four inbred strains, 
C57BL/6 Jax, A/Jax, DBA/1 Jax and 
DBA/2 Jax and two of their F: hybrids 
BAF, (C5/BL/6 Jax 2 XK A/Jax ¢) 
and BDF, (C57BL/6 Jax @ & DBA/2 
Jax ) have been studied. Mice of each 
strain and each hybrid will be referred 
to as a genetic group. 

The design of the experiment fol- 
a method of goiter prevention 
v described by Dempsey and Ast- 
wood*. The treatment involved feeding 
of a goitrogenic substance accompanied 
thyroxine. The 


lowed 


assa\ 


bv graded doses of 
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goitrogen caused the thyroid gland to 
increase in size whereas the exogenous 
thyroid hormone, depending upon its 
level, offset the tendency of the thyroid 
to become enlarged. Thirty-six to 48 
mice in each genetic group were put 
into the experiment at one month of 
They were fed a diet containing 
percent propylthiouracil (PTU) 
mixed into powdered Purina Labora- 
tory Chow. Mice of each genetic group 
were divided into six dose-groups. Each 


age. 
0.2 


dose-group received daily for a period 
of 21 days, one of the following doses 
of D-L thyroxiney: 0, 0.15, 0.30, 0.60, 
1.20 and 2.40 ug subcutaneously in 0.5 
ml of solution. (The solution was made 
up with NaCl 0.9 g and NaCOs 20 mg 
in 100 ml of distilled ad- 
dition eight to 16 mice in each genetic 
group served as controls and 
no PTU and no thyroxine. 
“he mice were killed with chloroform 
and the thyroid glands were dissected 
out and weighed immediately on a 
Roller Smith balance with a sensitivity 
of .01 mg. The thyroid were 
fixed in Zenker Formalin, serially 
tioned at micra and 
PAS. 
Follicular-cell 
glands were measured using an oculat 
micrometer. In each thyroid, six sec 
tions, approximately five sections apart 


water.) In 


4 7 
received 


glands 
Ssec- 
with 


stained 


five 


eights in the thyroid 


were selected for study. In each section 


three well-defined follicles were chosen 


and each of these four cells 


equally on the 


within 

spaced approximately 

circumference were measured. 
All mice were weighed at the 


ning and the end of the experiment 


investigation is sup 


This 


help in the 
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MEAN THYROID WEIGHTS IN THREE 
STRAINS 
Figure 3 

Distributions of mean thyroid weights in 
C57BL/6, A/Jax and BAF; mice. The circles 
with a dot in the center are the intercept of 
the average thyroid weight of normal mice at 
the dose-response curve. 








average of the two weights was used 
for computing the rate of thyroid secre- 
tion per 100 grams of body weight. The 
dose of thyroxine required to give a 
response corresponding to that of the 
nontreated mice either in thyroid weight 
or in follicular cell height was defined 
as an estimate of rate of thyroid secre- 
tion in control mice equivalent to exog- 
enous thyroxine. 


Results 
The average initial body weights of 
mice in the different dose groups ranged 
from 12.1 grams in A to 15.0 grams in 
BDF, and the average final body 
weights ranged from 14.5 grams in A 





= 





is » 
LOG DOSE (ug) THYROXINE / PER MOUSE / PER Day 


MEAN THYROID WEIGHTS IN FOUR 
STRAINS 
Figure 4 
Distributions of mean thyroid weights in 
DBA/1, DBA/2, C57BL/6 and BDF:. The 
circle with a dot in the center is the intercept 
of the average thyroid weight of normal mice 
at the dose-response curve. 


to 18.8 grams in DBA/2 mice. The 
mean gain ranged from 2.5 grams in A 
to 5.1 grams in DBA/2. The mean 
weight gains varied among dose-groups 
within the genetic groups and there 
was no detectable trend with respect to 
dose increment of thyroxine. Except for 
adjustment to rate of secretion per 100 
grams of body weight, weight has been 
excluded as an experimental variable. 
The weight of the thyroid glands, in 
response to the treatment, differed 
greatly among the genetic groups (Table 
I, Figures 3 and 4). Thyroid glands of 
the C57BL/6 mice showed least goitro- 
genic response. Except for the mice re- 
ceiving the largest dose of thyroxine 


TABLE I. Mean thyroid weights (mg) + standard deviation in each strain and hybrid of mice _ 
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x» 60 
LOG DOSE (ug) THYROXINE/ PER MOUSE /PER DAY 
FOLLICULAR CELL HEIGHT IN THREE 
STRAINS 
Figure 5 

Distribution of mean follicular cell heights 
in C57BL/6, A/Jax and BAF;. Circle with a 
dot in the center is the intercept of the aver- 
age follicular cell height of normal mice at 

the dose-response curve. 
2.4 mg, average weights of the thyroid 
slands in C57BL/6 mice distributed 
close to linearity. The A mice in the 
ibsence of thyroxine injections had 
argest thyroid glands in response to 
PTU and in response to thyroxine had 
greatest rate of reduction in thyroid 
weight. That is, the slope of the curve 
was steepest in mice of strain A. In the 
remaining genetic groups, the distribu- 
tions of thyroid weights approach sig- 


g 
moid 


] 
1 


distribution 
ften encountered in biological assays. 

In comparing the thyroid weights of 
the F,; hybrids with their respective pa- 
rental strains, both F, hybrids had great- 


curves—a type of 


TABLE II. Mean thyroid follicular cell heights (u) 
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~ 30 
LOG DOSE (ug) THYROXINE /PER MOUSE / PER DAY 
FOLLICULAR CELL HEIGHT IN FOUR 
STRAINS 
Figure 6 
Distribution of mean follicular cell heights in 
DBA/1, DBA/2, C57BL/6 and BDF;. Circle 
with a dot in the center is the intercept of the 
average follicular cell height of normal mice 


at the dose-response curve 


than their maternal C57- 
BL/6 parent. BDF, mice had a response 
similar to that of their paternal parent, 
DBA/2, at 0.60 and 1.2 ug 
while BAF, had a greater response than 
did the paternal parent A at the 0.60 ug 
dose of thyroxine. In general, the F; 
hybrids showed greater responses, in 
terms of reduction of thyroid weight, 
than did one parent but less response 
than the other. 

The means and standard deviations of 


er responses 
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standard deviation in each strain and hybrid of mice 
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follicular cell heights are given in Table 
II and in Figures 5 and 6. The distribu- 
tion of the means of cell heights in each 
genetic group approximated a sigmoid 
curve. The order of magnitude of re- 
sponse based on cell height was some- 
what different from the order based on 
thyroid weight. At 0.60 ug of thyroxine, 
where differences were greatest among 
the genetic groups, the relative height 
of the follicular cells fell into the foilow- 
ing order: BDF = DBA/2 > BAF, = 
DBA/1 > C57BL/6 > A. At this dose 
level both Fy hybrids, especially BAF, 
had higher follicular cells than did their 
parental strains. As far as the character- 
istics of the dose-response curves are 
concerned, the F; hybrids seemed to fall 
in one class and the inbred mice in an- 
other. At the doses from 0 to 0.6 mg 
the cell heights in each hybrid remained 
maximal whereas in the inbred strains 
they declined. From 0.60 to 1.20 ug, 
there was greater change in cell heights 
in hybrids than in inbred mice. 

The mean thyroid secretion rate in 
each genetic group was estimated by 
grapnic interpolation. An intercept on 
the response curve was obtained by in- 
troducing a line from the point of mean 
thyroid weights of nontreated, control 
mice at the Y-axis parallel to the X-axis. 
A line was then drawn from the inter- 
cept perpendicular to the X-axis. The 
value where the perpendicular line met 
the X-axis has been regarded as an esti- 
mate of rate of thyroid secretion equiva- 
lent to dose of D,L-thyroxine per mouse 
per day. The same method has been ap- 
plied to the graphs of follicular cell 
heights. For purposes of comparison 
with other animals of the same or differ- 
ent species, the values were converted 


TABLE III. 
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to estimates of secretion per 100 grams 
of body weight and then further cor- 
rected to L-thyroxine. The estimates so 
obtained are given in Table III. Slightly 
higher estimates were obtained from 
graphs of thyroid weight than of cell 
height, except interchange in sequence 
between DBA/2 and BAF, the relative 
orders of genetic groups obtained by both 
measurements are the same. According 
to these estimates mice of strain A had 
the lowest rate of secretion, C57BL/6 
mice had the second lowest. The DBA 
and F, mice differed little from one an- 
other although BDF, animals seemed to 
have the highest rate of secretion. Both 
tvpes of F; mice secreted more hormone 
than did their respective parental strains 
and the DBA/1 and DBA/2 mice had 
similar rates. 
Discussion 

Both response to PTU with graded doses 
of thyroxine and the estimates of secretion 
rates of the thyroid glands have brought out 
differences and similarities between different 
genetic groups of mice. Rates of secretion of 
thyroid hormone, like susceptibility to mam- 
mary tumor and audiogenic seizure, are some- 
what similar in DBA/1 and DBA/2 m 
These similarities probably retlect the 20 years 
of inbreeding prior to divergence of the breed 
ing history. 

The estimates of thyroid secretion rate based 
on thyroid weight tend to have slightly higher 
values than those based on height of follicular 
cell. The estimates based on cell-height meas- 
urements are perhaps more reliable because 
(a) these measurements probably are inde- 
pendent of body weight whereas thyroid 
weights more likely are correlated with body 
weight and (b) because the intercepts of cell- 
height of nontreated mice fell closer to the 
mid-portion of the linear part of the curve 
where reliable estimates should be obtained 

Rate of secretion of thyroid hormone in 
C57BL/6 and A strains by using radioactive 
iodine have previously been reported!. The 
values obtained were 3.33 and 1.84 ug/100gm 


ice, 


Estimate of secretion rate of thyroid hormone based on weights and follicular cell heights of the 
thyroid glands 
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id wt. Cell height 





4.19 
24 
5.40 
8.94 
7.48 
7.01 


3,90 
6.40 
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7.45 
717 


7.01 
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of body weight for strains C57BL/6 and A 
respectively as compared to the present esti- 
mate of 4.50 and 3.50 ug for the same strains. 
The discrepancies between the two values in 
each strain may be explained by differences in 
age, as animals used in the previous study 
were about 40 days older and increase in age 
has been shown to cause reduction in thyroid 
activity8. Nevertheless rates of secretion of 
thyroid hormone for these two strains of mice 
estimated by two dissimilar methods agree in 
order of magnitude. Substantiation such as 
this lends confidence to both the findings and 
the derived interpretations. 

The F, hybrids secreted more thyroidal hor- 
mone than their respective parental strains as 
a consequence of hybridization. In a previous 
study of mice of two other hybrids using 
radioactive iodine!, the rate of secretion of 
both F,’s fell between that of their parental 
strains. Similarly in a study of androgen se- 
cretion in mice*, the average in an F, hybrid 
was estimated to be close to the mid-parental 
value. All these results indicate that F, hy- 
brids may, but do not always, exceed their 
parental strains in endocrine activities. The 
activities of the F, hybrids as compared with 
their parents therefore depend much upon the 


specific genetic combination of a given cross 


Rate of secretion of thyroid glands seems to 
be associated with tl 


for thyroid 

} * r 

linear and sigmoid 
I 


1e type of curve obtained 
The difference between 
curves are indicative of 
differences in potentiality for goiter formation 
The DBA and hybrids, with sigmoid curves, 
iad higher rates of secretion, whereas the A 
and C57BL/6 mice, with linear responses (ex- 
cept at the higher thyroxine levels), 
had lower rates of thyroid hormone secretion. 
(Because of the heterogeneity of distributions 
of thyroid weights, statistical treatment and 
curve fitting of these data could not be made. ) 
Based on the difference of these curves, it is 
expected that, after prolonged feeding of PTU 
diet, the A and C57BL/6 mice would produce 
reater goiter whereas the DBA and F;, hybrid 

would not have the tendency to do so 

ntiality formation may be con 
sidered as another characteristic differentiating 


weight. 


} 


dose 


of goiter 


the genetic groups of mice. 

All response curves based upon cell height 
appear to be sigmoid in type, although, the 
curvatures vary. This indicates that there was 
little change in sizes of follicular cells at the 
where the curves became level. In 
general the volume of colloid in the follicle 
decreased with increase in cell height. As 
both hypertrophy and hyperplasia contribute 
to the growth of an organ, the decrease in 
t to 0.30 ug of 


regions 


thyroid weight at doses of 0 


thyroxine (Figures 3 and 4) without corre 
sponding decrease in cell heights (Figures 5 
and 6), such as in the A and C57BL/6 mice, 
may be explained as due to hyperplasia. Since 
DBA’s and F;,’s there was close correla 


thyroid weight and cell height, 


in the 


tion between 
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it might be assumed that in these mice PTU 
induced hypertrophy rather than hyperplasia. 
Hall5 and Fuller* and others demonstrated 
that DBA mice had higher susceptibility to 
audiogenic seizure than C57BL/6 mice (100 
percent in DBA/2 vs. 0 percent in C57BL/6 
according to Fuller and others). Turner? 
pointed out that hypothyroidism is associated 
with an increased threshold to sound stimula- 
tion. Correlating the findings of greater thy- 
roid hormone secretion in DBA mice than 
in C57BL/6 mice with Turner’s statement, it 
is speculated that hyperthyroidism in DBA 
mice may reduce the threshold to sound stimu- 
lus. Acceptance of this hypothesis would im 
ply that the genetic susceptibility to audio- 
genic seizure in these mice is conditioned by 
genetically determined hyperthyroidism 


Summary 


A study has been made of thyroid activity 
in mice of four inbred strains (C57BL/6, A, 
DBA/1 and DBA/2) and two of their F; hy- 
brids, BAF; (C57BL/6 9 & A @) and BDF 
(C57BL/6 Q DBA/2 2). The design of 
the experiment followed a method of goiter 
prevention assay described by Dempsey and 
Astwood?. Mice were fed with 0.2 percent 
PTU diet and injected with graded doses of 
Nontreated animals on ordinary 
‘ived no thyroxine f 


thyroxine. 
diet and rec 


- : - > 1 
erence controls 
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The criteria of response used were weight 
and follicular cell height of the thyroid gland 
mse curves of the genetic g 


magnitude 


The dose res[x 
showed differences in é 
acteristics. Thyroid weights in A and C5 
mice showed linear at the upper tails 
response curves. All the other response 
for both thyroid weigh follicular 
height measurements in the remaining 
groups showed a sigmoid type. Estimat 
thyroidal hormone secretion rates 
3.50, BAF, 5.76, CS7BL/ 4.50, 
DBA/2, 6.45, and DBA/1 6.31 ug 
ine/100 gm body weight based on 
Gene 
regard to the differences and 
the different 1 
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GENETIC RESISTANCE TO DISEASE IN DOMESTIC ANIMALS 


A! long last, we now have a book* on ge- 
netic diseases and genetic resistance to 
diseases in domestic animals. And, as might 
be expected from the author of Genetics of the 
Fowl (McGraw-Hill, 1949), this little book 
is a very good one. It is written in a delight- 
fully clear and light style. It is a must on 
your reading list. 

Professor Hutt has long been interested in 
the much neglected genetic approach to the 
control of communicable diseases in domestic 
animals. One of the major accomplishments 
of Hutt and his colleagues has been the devel- 
opment of strains of White Leghorn chickens 
that are highly resistant to leucosis (lympho- 
matosis), a disease which, according to Hutt, 
accounts for 30 to 50 percent of the mortality 
among pullets during their first year of life. 
There have also been many other notable ac- 
complishments of Hutt, his colleagues and stu- 
dents in this coming field of research in which 
Hutt can well be regarded as a pioneer. 

Hutt has devoted much attention to the do- 
mestic fowl, his favorite species, and rightfully 
so for more is known about disease resistance 
in chickens than in other species of domestic 
animals. This does not mean, however, that 
the larger domestic animals are neglected by 
Hutt in his treatment of the subject. On the 
contrary, much of the book is devoted to the 
marshaling of evidence in support of the thesis 
that there is a vast reservoir of genetic mate- 
rial in our domestic animals which, if selected 
for, would lead to the development of lines and 
breeds that are highly resistant to various in- 


*Genetic Resistance to Disease in Domestic Animals. 


fectious diseases. The scope of the treatment 
may be illustrated by the chapter titled “Re- 
sistant Little Animals” which covers such 
things as genetic resistance to foulbrood in 
honey bees and the evolution of genetic re- 
sistance in the oysters of Malpeque Bay to the 
ravages of a mysterious “oyster plague”. 

While few geneticists would contest Hutt’s 
thesis, it is nevertheless plainly evident that 
there are even fewer geneticists who are pre- 
pared or are presently in a position to do any- 
thing about it. On the other hand, Hutt takes 
the view that veterinarians are likely to con- 
demn his thesis because of its rank heresy 
(as Hutt puts it) and because Hutt, himself, 
is not a veterinarian and should therefore not 
have ventured to write about disease. While 
it is probably true that some veterinarians, 
especially those in regulatory work, will not 
take kindly to some of Hutt’s statements 
(which often explode at point-blank range), 
there are many veterinarians who will none 
theless appreciate his viewpoint. 

Actually, the purpose of Hutt’s book is not 
only to assemble facts relative to disease re- 
sistance iit animals but also to stimulate some 
discussion of the subject and perhaps more 
research in this highly neglected field. The 
message seems to be, “Geneticicts, veterinar- 
ians and animal husbandmen, join ranks and 
bring your specially trained corpsmen to work 
on the host as well as the pathogen!” 

CLYDE STORMONT 
School of Veterinary Medicine 
University of California, Davts 
Comstock 


Professor F. B. Hutt. 
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ANEW TEMPERATURE-SENSITIVE ALLELE 
AT THE STICKY LOCUS IN MAIZE 


Drew SCHWARTZz* 


number of cytogenetic mechanisms 

that cause endosperm variega- 

tion in maize have been de- 
scribed*®. The variegation is usually 
limited to markers on a particular chro- 
mosome, This paper describes the study 
of a mutant gene that, in the homozygous 
condition, causes a high degree of varie- 
gation for endosperm markers, regard- 
less of the chromosome on which they 
This gene has been desig- 
nated st® (* stands for endosperm) be- 
cause, as will be shown, it is allelic to 
st sticky)" *. Variegation is expressed 
only when the markers are present in 
heterozygous condition. A number of 
marker genes on different chromosomes 
were used: C (aleurone color), 7 (do- 
minant inhibitor of C), and Wx (starch 
endosperm as contrasted to waxy, wr) 


are located. 


on chromosome 9, R (aleurone color) on 
chromosome 10, 4 (aleurone color) on 
chromosome 3, and Pr (purple aleurone 
color as contrasted to red, pr) on chro- 
\ll these show variegation 
the endosperm 
Analysis of the 
variegation markers 
on chromosome 9 that 

he variegation is a consequence of 


(1) 
“hr me hreakace and (2) 4 : 
chromosome breakage and (2) the point 


mosome. 5. 


~#* ~4* 1 = 1 
§ St Kernels, 


triploid tissue. 
for linked 


has established 


pattern 
} 


of initial breakage is nonspecific and may 
occur anywhere along the chromosome 
Furthermore, chromosome breakage is 
1ot limited to those chromosomes in- 
troduced into a cross by the st*/st*® par- 
ent. Fs kernels from the cross st*/st*, 
CC XSt/St, 1/1 show a high degree of 
I losses in the endosperm (colored spots 
on a colorless background), (Table I). 
In the absence of any linkage between 
st® and J, 83 
kernels should he of the genotype, sf‘ 
st°/st®, I/C/C. Linkage would reduce 


this frequency. In these kernels any loss 


percent of the colorless 


Division, Oak Ridge National 


Union Carbide Corporation for the U. S 


*Biol 
OlOLY\ 


Laboratory, 


he 


of J would appear as a colored spot. T 
frequency of variegated kernels in the 
F, indicates that / losses occur in just 
about every st‘/st/‘st*/ kernel, even 
though the / chromosome was brought 
into the cross by the St/St parent. Varie- 
gation is sometimes expressed even when 
two doses of / are present in the endo- 
sperm. 

In kernels of the constitution sf’ 
st°/st®, [Wx/C wx/C the 
ground is colorless and starchy, and the 
following kinds of mutant sectors are 
frequently found: (1) solid-colored 
waxy areas (this reflects initial break- 
age proximal to the IIl’x locus deleting 
both Hx and / simultaneously), (2) 
solid-colored areas that are variegated 
for starchy and waxy tissue (these sec- 


TAY back- 


tors result from breaks occuring betweet 
the Il’x and I loci so that / is lost first 
and, as a of the ensuing 
breakage-fusion-bridge cvcle®, 
] in later 
both colored-colorless and 


consequence 
gene is lost livisions), and (3) 
areas showing 
starchy-waxy variegation (these aris¢ 
initial breakage distal to the / 
putting Ix and J on the 
formed by sister-strand fusion) 


from 
locus both 


bridge 


‘? nentine 4 dh — £ serstas T cuiaanil 
(Figure 74). The point of initial break- 


age are diagrammed in Figure 9. 

Further 11 
events responsible for the 
7 Ltnser 


lications of the 


st® kernels were o 


data from cross st 


TABLE I. F 


( 
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VARIEGATED PATTERNS 


- 


Figure 7 
Photographs of st*/st*/st® kernels. 4 
1/C/C kernels showing variegation patterns 
resulting from breaks proximal and distal to 
the / locus. B—The top two rows of kernels 
are from field grown material and show much 
variegation and scarring. The kernels in the 
bottom row are of the same material grown 
in the greenhouse. 
analysis of variegation in endosperm of 
the constitution C H'a/c war/c wer, since 
the C gene shows a dosage effect, and 
it is relatively easy to distinguish be- 
tween the presence of one or two doses 
of the dominant gene in the endosperm. 
In such kernels are found (1) isolated 
colorless areas that are not paired with 
areas of darker color (two doses of C), 
indicating loss of the marker without 
recovery in the sister cell; (2) typical 
breakage-fusion-bridge patterns; and 
(3) twin spots of colorless and darker 
colored areas (some quite large) where 
the sector containing two doses of C 
is solid and shows no further loss of 
color (Figure 8). The colorless areas 
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TWIN SPOTS 

Figure 8 

Twin spots are shown in (/c/c kernels 
waxy and _ the 
This pat 
without 


of such twin 
colored areas are starchy. 
tern suggests nondisjunction 
bridge formation so that both nondits- 
joined sister chromatids are 
later cell generations. In addition to the 
endosperm variegation, st‘/st‘/st* ker- 
nels are deeply scarred (Figure 7B). 
The amount of scarring is variable and 
can be so extreme as to result in a very 
deformed kernel. 


spots are 


stable in 


Cytological Study 


Examination of mitoses in root tip mer 
failed to reveal any abnormalities. However, 
anaphase bridges were seen quite frequently in 
young endosperm preparations. Both single 
and double bridges were observed. In meiosis, 
about 30 percent of the anaphase I cells have 
bridges, usually only one bridge per cell ( Fig- 
ure 10). No bridges were seen in anaphase II 
The appearance of the anaphase | bridges was 
suggestive of chromosome stickiness rather 
than true dicentric bridge formation. This was 
substantiated by the fact that the high fre 
quency of anaphase I bridges was not associ 
ated with an increase in pollen abortion 


istems 


Allelism with st 


The cytological and phenotypic picture 
to the postulate that the mutant gene in hi 
zygous condition simply causes a stickiness of 
chromatids during anaphase separations. Such 
stickiness can result in nondisjunction, or 
breakage of the chromosome if the cell wall 
is laid down before the sticking chromatids 
are completely separated. The consequences 
of such events can account for all the variega- 
tion patterns observed in the endosperm, since 
the position of the original break will vary 
with the orientation of the sticky bridge on 
the spindle. Scarring will result from homo- 
zygous deficiencies where a particular segment 
is deleted from all the homologous chromo- 
somes. The absence of pollen and ovule abor- 
tion, and of cell lethality in the sporophyte, 


mo- 
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Wx 
Wx 


Wx 
CONSTITUTIONS OF DICENTRIC 
CHROMATIDS 


Figure 9 
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Diagrams illustrating the constitutions ot 
dicentric chroma ing from sister 
strand fusion following reakage in three 


regions of the short arm of chromosome ‘ ANAPHASE I BRIDGES 


Figure 10 


indicates that in 
phytic tissues 
somes are either 
stickiness is over 
formed 
Beadle! - described a recessive gen 


chromosome stickiness, sf, on chromosome 4 erown in t 


that in the homozygous condition causes high pletely normal 
pollen and ovule abortion, scarring and some Twenty seeds 
variegation in the endosperm, and | field-grown n 
striations of chlorophyll-free tissue in_ the house 
leaves. Crosses of the mutant described 1n this sib 
paper with st/st plants showed that these genes were 
1 


are alleles. The new allele has been designate 
st® since the mutant phenotype is limited t 
the endosperm. . h seeds from such 
crosses show tl ant phenotype as do all 
the F. kernels r the mutant F; with 
normal plants produce only kernels with the 
normal phenotype The st® allele behaves as a 
dominant over st. Phenotypically st*/st 

are more similar to sf*/st* than t 

they show no poll 


are devoid of chlorophyll-less 


en or 


leaves 

In contrast to the stickiness cau 
st allele, which usually involves 
chromatin mass, st® stickiness is li 
dividual chromosomes. This condition favor t*/s ints in % 
loss of chromosomal segments without resul chamber where the gt 
ing in cell lethality and is reflected in a higher lated the low temperat 
degree of variegation. | reported that 5-70° F 1 tl | 
about one-half the kernels of t constitution hour day 
st/st/st, C/c/ce were variegated for color and, iowed tl 
of these, only very few showed more than two was grown ht « 
elimination spots. In a comparable study of mnditions except that aft 
672 st*/st*/s (/c/c kernels, all were varie ing pad was wrapped around 


gated, showing many colorless areas per kernel hich ra: daytime temperature 
region th it to approxim: 
The progeny 
extreme mutant 

rhe phenotypic expression of sf® is strongly gest that st® is a temperature 
dependent on temperature Homozygous (for review see Horowitz?) tl 


Environmental Modification of Phenotypic 
Expression ‘ 
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at low temperatures and is mutant at high 


temperatures. 


Summary 

The behavior of a new allele at the sticky 
locus in maize is described. In the homozy- 
gous condition this allele causes much chro- 
mosome stickiness at anaphase and results in 
a high degree of chromosome breakage in the 
endosperm. It is temperature sensitive and 
gives a completely normal phenotype at the 
low temperatures of the winter greenhouse. 
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THE INHERITANCE OF PETAL SPOT IN KENAF 


J. FRANK JOYNER AND JAMEs B. Pate* 


PARENTAL AND F, PETALS 


Figure 11 


From left to right are shown flowers of BG 


RIOR to 1953 flowers of all varieties of 

kenaf, Hibiscus cannabinus L., grown in 
breeding nurseries.near Lake Worth, Florida, 
were yellow except for a purple basal petal 
spot. In some varieties such as Salvadorian 
the spot is well delimited and confined to the 
basal one-quarter of the petal. Anthocyanin 
production in plants of this variety is not lim- 
ited to the flowers since stems and_ petioles 


*Agronomists, Crops Research Division, U. 


52-29, BG-53-90 « BG-52-29 and BG—53-90. 


show a slight reddish color when exposed to 
sunlight. In varieties such as Javanese the 
petal spot is not well delimited and the purple 
color may be faintly exhibited throughout the 
petals especially along the veins. Stems and 
petioles of this variety are purple. 

In 1953 an introduction from Egypt, PI 
209231, was found to be segregating plants 

(Continued on page 184) 
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THE INHERITANCE AND EXPRESSION OF 
A MUTATION IN THE MOUSE 


Affecting Blood Formation, the Axial Skeleton, and Body Size 


Leroy C. STEVENS AND JupITH A. MACKENSEN* 


EVERAL mutations in the mouse 

interfere with normal blood cell 

formation, producing various 
anemias. Some of these mutations pro- 
duce a syndrome of effects involving 
coat pigmentation, germ cells, body 
size or the axial skeleton. The gene 
for dominant spotting (Ii), for ex- 
ample, produces macrocytic anemia in 
homozygotes, and when viable, these 
mice are black-eyed whites and almost 
invariably sterile’. Homozygous flexed 
animals (ff) are born with transitory 
siderocytic anemia, deformed axial 
skeletons, belly spots and are smaller 
at birth than their normal littermates*. 
The present article deals with a new 
mutation which markedly reduces body 
size, produces a permanent macrocytic, 
non-siderocytic anemia, causes anoma- 
lies at all levels of the vertebral column 
resulting in curvatures in the cervical, 
thoracic, and lumbo-sacral spine, and 
in flexures in the tail. In addition, the 
number of ribs and presacral vertebrae 
is increased. This syndrome i 
by a single recessive autosomal gene 
named diminutive and symbolized dm. 
The diminutive gene may provide a 
useful tool investigations . of the 
role of gene action in blood cell for- 
mation, the development the axial 
skeleton, and dwarfism in mammals. 


s caused 


tor 
© 


of 


Materials and Methods 


The original dim mutant, hereafter re- 
ferred to male 1, was found at 
weaning in a litter resulting from a 
mating of a strain 129 female with an 
Fl 129 C57L/JAX male. All 


sequent offspring from this mating 


as 


sub- 


*Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 
the 
Service and a grant from the American Cancer Society. The authors gratefull 
the technical assistance of Mrs. Hannah Cunningham: and of Dr 


supported by a research grant (C-2662) fror 


n 


were normal. Male 1 was normal sized 
but had a short filamentous tail (Figure 
124) and fusions of sacral and caudal 
vertebrae. It not known whether 
he was anemic. Evidence will pre- 
sented which demonstrates that male 
1 was heterozygous for the diminutive 
allele (Dm dm). 

Male 1 was mated with his normal 
sisters, his daughters, and BALB/c 
JAX females in order to establish the 
diminutive colony that provided animals 
in the breeding tests described 


is 


be 


used 
below. 
All of the diminutive colony 
were checked each week and pregnant 
females were separated and observed 
daily for new litters. Diminutive new- 
borns are easily distinguished from 
their normal littermates by their re- 
duced body size, (Figure 12B), marked 
pallor, and crooked tails. During the 
early phase of this study, only one 
diminutive animal survived more than 
a few hours after birth, and it lived 
16 days. Later, however, approximately 
a quarter of them survived and many 
of these proved fertile. Since most of 
those which survived were used for 
breeding tests, the bulk of the infor- 
mation on the skeletal effects of the 
dmdm genotype is based upon observa- 
newborns. 


pens ie 


f 
ot 


tions of skeletons 

Most animals were preserved for 
skeletal studies in 70 percent alcohol, 
cleared in KOH, and_s stained with 
alizarin red. The cartilaginous skeletons 
of some fetuses from the 13th to th 
19th day of gestation were staine 
with methylene blue and in 
methyl salicylate’. 
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DIMINUTIVE MUTANTS 
Figure 12 
A—The original mutant, male 1. Note short filamentous tail. He was normal-sized and 
of the genotype Dmdm. B—Litter taken at term by Caesarean section. One parent was 
homozygous (dmdm), the other heterozygous (Dmdm). The three fetuses at the left were 
dmdm, the three at the right, Dmdm. C—Female littermates at four months of age. Note 
reduced body size and crooked tail of the dmdm animal compared with her heterozygous 


(Dmdm) sister 


Red blood cells were counted after tory Chow and a constant water supply 
the method of Mattern et a/.¥ using an was _ provided. 
electronic red blood cell counter de- Results 
signed and constructed by Coulter 1. Genetics 
Electronics. Hematocrits were deter- When known carriers of the diminutive syn- 


mined by a standard capillary tube me were mated inter se, 12.5 percent of the 
: ’ offspring were diminutive (Table I). When 


th . 
method. : reciprocal crosses were made between known 
All animals were fed Purina Labora- carriers and fertile diminutive animals, 38 per- 
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cent of the offspring were affected. One hun- 
dred percent of offspring of diminutive x di- 
minutive matings were small, anemic, and had 
kinky tails. None of the matings of diminu- 
tive X normal non-carriers produced abnormal 
offspring 

In order to determine whether the disturbed 
ratios were due to reduced viability of dmdm 
fetuses, breeding tests were made and 15- to 
19-day fetuses were taken by Caesarean sec- 
tion. Matings between diminutives and car- 
riers yielded 42 percent diminutive offspring, 
a proportion significantly different from the 
expected 50 percent (Table IL). When car- 
riers were mated inter se, 22 percent or nearly 
one fourth of 79 fetuses were affected, approxi- 
mately the proportion expected when a single 
recessive gene is segregating in a straight 
forward Mendelian manner. 

None of the carriers tested genetically 
proved to be normal overlaps, and no maternal 
influence on either the penetrance or the ex 
pression of the dmdm genotype was observed. 

In order to ascertain the genotype of male 
1, he was mated to known carriers and to 
non-carriers of the diminutive syndrome. The 
results of shown in 
lable IIT. 

The proportion of 
male 1 
not significantly 


these breeding tests are 
diminutive offspring of 
taken at term from carrier females is 
different from the expe 

TABLE I. Newborn ratios in breeding tests involving 


diminutive (dmdm), carrier (Dmdm) and non-carrier 
(DmDm) animals 


Hypothetic 


Female 


Dmdm 
Dmd» 
dimdm 
Dm D» 


dimd» 


TABLE II. Fetal ratios resulting from mating diminu- 
tive mice (dmdm) with carriers (Dmdm) 


42 


TABLE III. 


Hyp: thetical geno- 
type of female 
term fetuses 


Carriers (Dmdm) 


newborns 


. 
4 
+ 
> 
4 


newborns 


l 
Non-carriers (D:D) 1 
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25 percent if a single recessive gene were in 
volved. It is clear from matings of male 1 
with non-carrier females, that the dm allele 
does not behave in a dominant fashion. 

Male 1 was mated to non-carrier females, 
and the progeny were tested genetically. The 
progeny were mated with heterozygotes 
(Dmdm) and were considered to. be non 
carriers (DUmDm) if they produced at le 
10 offspring, none of them diminutive 
this method of classification, it is probable 
some Dmdm animals were classified as 
DmDm, since so few offspring were observed 
This probably accounts for most of the ex 
cess of non-carriers in Table IV. 

In view of the fact that the diminutive syn 
drome bears a resemblance to that observed 
in homozygous flexed animals, breeding tests 
were made involving both genotypes. When 
heterozygous (Dmdm If) mice were mated 
normal, diminutive, and flexed off- 

guished from one an 
other. Double homozygotes (dmdm ff) were 
not detected The flexed animals 
from these crosses were larger and less ane- 
mic than their diminutive littermates. The ex 
pressions of flexed and 
tive some similarities, 


teren 


infer Se, 


spring were easily d 


resulting 


P 
limit 


the 2 genes, 
show 


2. Description 


A. Body size. Newborn di 
are much smaller their 
mates, and they remain small throughout their 
life span (Figures 12B and (). At birth, they 
weigh approximately 57 percent of the weigh 
of normal littermates, and at 60 days of a: 
2 percent Table V) 

Heterozygous Dmdm animals cannot be dis 
tinguished from homozygous DmDm on_ the 
basis of body size. The heterozygotes list 
in Table V were offspring of diminutive ani 
mals mated to non-diminutive animals. 

B. Skeletal defects i. Newborns. The 
skeletons of diminutive animals were in every 
case readily distinguished from those of their 
normal littermates, not only on the basis of 
size but also by the presence of numerous mal 
formations in the developing vertebrae Al 
though the expression of the gene dm varied in 
degree, certain abnormalities were ci msistently 
observed. Anomalies of the cervical and upper 
thoracic region were regularly encountered 
The lower thoracic, lumbar and sacral regions 
were less frequently involved, and usually less 
severely affected. 

All 100 dmdm 


fewer centra stained with 


unutive animals 


than normal litter 


(see 


/ 
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e¢ 


newborns we 


observed had 
alizarin red tl 


than 


Results of mating male 1 with known carriers and non-carriers of the diminutive syndrome 
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SKELETONS OF NORMAL AND OF DIMINUTIVE MUTANTS 
Figure 13 

Free-hand drawings of alizarin-stained skeletons of newborn littermates resulting from a 
mating of a diminutive (dmdm) to a heterozygous Dmdm) mouse. The skeleton drawn at the 
left is normal (Dmdm), those at the right are diminutive (dmdm). In the diminutive skele- 
tons note the reduction in size, the multiple abnormalities in the centra and neural arches and 
the increased number of ribs when compared with the normal littermate. The 7th and 8th ribs 
of the right hand skeleton are fused. 


their normal littermates. In diminutive ani partite centra occurred in 91 percent of the 
mals, the body of the axis showed ossification, newborn diminutives we observed and in none 
but the next centrum to take the alizarin stain of the normal littermates. The two centers of 
was the 7th, 8th or 9th, those between being ossification were either completely separated 
unstained. By contrast, all of the cervical or connected by an isthmus resulting in a 
vertebrae were stained in 13 normal littermates | dumbbell-shaped bone. Often the pairs of os- 
prepared for skeletal study. The number of _ sification centers were unequal in size. Occa- 
ossified caudal centra was also reduced in _ sionally, fusions were seen between 2 adja- 
newborn diminutive mice compared with their cent centra, usually involving a hemicentrum 
normal littermates (Figure 13). In a few cases or one of a pair of ossification centers of a 
dmdm newborns lacked osseous centra in the _ bipartite centrum. 
lumbar and thoracic regions. Hemicentra were In addition to bipartite centra and fused 
observed in 29 percent of newborn diminutives centra, irregularly shaped centra were ob- 
in the thoracic, lumbar and sacral regions. Bi- served in all newborn diminutive skeletons. 
Centra were commonly situated so that their 
TABLE IV. Results of genetically testing the progeny long axes were not perpendicular to the mid- 
of male 1 mated to non-carrier (DmDm) females saggital plane. 
P Ninety percent of newborn diminutive ani- 
Offspring No. mals: had fusions of the neural arches. Of 
me a ra 8 (32%) these, 94 percent had fusions in, the cervical 
Non-carriers (DmDm) 17 (68%) (vertebrae 1-7), 74 percent in the thoracic 
= : (vertebrae 8-21), 1 percent in the lumbar 
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(vertebrae 22-26), and 9 percent in the sacral 


region. Frequently, the ventral parts of neu- 
ral arches were separated from the dorsal 
parts by unossified areas. In some cases, the 
neural arches of the cervical vertebrae lacked 
ventral portions; less frequently, dorsal por- 
tions were missing. Where fusions of the 
dorsal portions of the neural arches occurred, 
ventral portions were often missing or repre- 
sented by small ossicles immediately lateral 
to the vertebral body 

The ribs of dmdm animals are often thinner 
than normal, and in 20 percent of the diminu 
tive newborns costal fusions were observed. 

Seventy percent of the 
borns had either small 
veloped ribs articulating with the transverse 
processes ot the 6th or 7th vertebra. Normal 
littermates had small ossicles articulating with 
the 7th vertebra in 61 percent of those ob- 
served. In addition to these costal processes, 
95 percent of the diminutive mice had a rib ar 
ticulating with the 2lst vertebra, whereas all 
ot their normal littermates observed had the 
last rib articulating with the 20th. The 
formation in Table VI summarizes the 
ber of ribs in diminutive mice and 
normal littermates 

All diminutive animals had at 
ribs in addition to the 
seen articulating with the 6th or 7th vertebra, 
in contrast to their normal 
never had more than 13. In normal 
all ribs in excess of 13 articulated with 
7th cervical vertebra, and articulated 
with the 21st. A regular effect of the dmdm 
genotype is to increase the number of ribs 
at the posterior thoracic level. 

Since alizarin-stained skeletons of 
borns do not permit ready 
the Ist sacral vertebra by 
point of reference was used to demark the 
last presacral vertebra. The number of. the 
vertebra intersected by a line between the 
anterior borders of the ilia was tabulated 
for the dmdm and Dm- genotypes. This line 
intersected the 27th or 28th vertebra in 86 per- 
cent of newborn dmdm mice, and the 26th ver- 
tebra in all their normal littermates. 

The sternal bands frequently do not meet 
and segment properly in diminutive mice, 
resulting in misalignment and fusions of 
sternebrae. 

ii. Adults. In general 
the axial skeletons of 


diminutive new 


ossicles or well de 


/ 


least 14 true 


small ossicles usually 


littermates who 


animals, 


none 


new- 
identification of 


shape, another 


the abnormalities of 
nine adult diminutive 


animals reflected those described tor the new- 
born. The number of presacral vertebrae, and 
the number of vertebrae 
l or more in the diminutive animals than 
in their normal littermates. Most adult 
diminutives have fusions of the cervical and 
thoracic neural 
adjacent 


spinous 


bearing ribs was 


arches, and in some cases, 
presacral centra were fused 
process ot the second I 
vertebra *f the 
of other 
mice this 
when compared with the 
normal littermates ll diminutive 
fused and asymetrical lal 
sulting in kinks and rigid 
tail. The number of 
not detectably 


tails appeared s 


| 
mouse 1s longer 


} } 
] t 


vertebrae. In all adul 
process Was markedly 


process 


segments 
vertebrae 
reduced, even thou 


normal 


caudal 
, 
hnorter than 
C. Blood 
All newborn 
viously anemi 


diminutives 


lable 


nair 
AlTS 


! 


anemia 
less severe 
borns 
When t 
the presence of siderocytes? 
were found in 
and in the Dmdn 
man} 
flexed (ff) animals using the 
On _ the 
anemia is considered to be 
macrocytic non 
newborns more 


blood films were stai 


QTnnutl 
littermates. We 


l 


newborn 


siderocytes in the blood of 
Same 
basis of these 


siderocyti anemia 


| 
severely than 


1 
older m1 


TABLE VI. Number of ribs in diminutive newborn 
mice and their normal littermates 


the 


TABLE V. Body weight at birth and 60 days of diminutive (dmdm) mice and their normal littermates (Dmdm 
and DmDm) 


Newborns 
(both sexes ) 


Genotype Av. Wt. 


dmdm 0.8 gms 
DmDm and Dmdm 
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D. Development. 
The cartilaginous 
13-day fetuses, 


skeletons of a litter of 
taken from the uterus 
of a heterozygous female mated with a 
diminutive male, were examined. Five had 
ribs articulating with the 2lst vertebra, arches 
of adjacent vertebrae converging toward each 
other, asymetrical centra, and one of these 
fetuses showed fusions between adjacent 
cervical neural arches. They were clearly 
diminutive and different from their two nor- 
mal littermates. In addition to the distinctive 
skeletal abnormalities of the dmdm genotype, 
these diminutive mice were smaller than 
their normal littermates. The degree of de 
velopment of diminutive mice at 13 days is 
slightly retarded when compared with their 
normal littermates, and this slight retarda- 
tion in development is apparent in the skele- 
tons of newborns. 

Fourteen-day fetuses from 
Dmdm revealed two 
offspring, considering tail length and crown- 
rump measurements. Approximately 75 per- 
cent (32) had tails extending beyond the digits 
of the hind limbs and a mean crown-rump 
length of 11.8 (10-13) mm. Another 25 per- 
cent (10), presumably diminutive, had _ tails 
that did not extend beyond the digits of the 
hind limbs, and had a mean crown-rump length 

10.7 (9-12)mm. The cartilaginous skeletons 


seven 


matings of 


D classes ot 


i/maim 


TABLE VII. Red blood cell cou ts and mean cell 


Dmdm 
Dmdm 


+0 +0 +0 


tindm 
Dmdm 


+0 +0 


turd. 


Dmdn 


+O +O 


Dmdm 
tmdm 
Dmdm 

dmdm 
Dmdm 
dimdm 
Dmdm 
dmdm 
Dmdm 


im dm 
Dmdm 


volumes of diminutive mice and 


according 


newborn 


of Heredity 


of these animals revealed abnormalities corre- 
sponding to those in the osseous skeletons of 
newborn diminutives. 

Fifteen-day fetuses can be distinguished 
from their normal littermates on the basis of 
body size, tail length, and pallor. Again, 
skeletal abnormalities, typical of the dmdm 
genotype were observed. 


E. Reproductive capacity of diminutive 
mice. 

Fifty-eight percent of diminutive females 
and 72 percent of diminutive males surviving 
to sexual maturity, proved to be fertile. The 
litters borne by diminutive females averaged 
4.9 young and the average age of the mother 
at the birth of the first litter was 3.7 months, 
compared with 6.1 young and 3.5 months for 
their normal littermates. These data indicate 
that the breeding performance, although 
slightly reduced, was not markedly depressed. 


Discussion 


Judging from descriptions of mouse mutants 
in the literature, the syndrome produced by 
the genotype dmdm resembles that caused by 
flexed (ff) more closely than any other. Both 
genotypes affect body size at birth, red blood 
cell formation, and the axial skeleton. How- 
ever, the expressions of the two genotypes are 
different in the following respects: 1) there 
their normal littermates 
to age 

Age RBC MCV (#3) 

144.5 

137 

142. 

100.7 

114. 


66.5 
60.3 
48. 


$1.2 
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are no belly spots on homozygous diminutive 
mice as there are on flexed mice, 2) the 
reduction in body size is more marked in 
diminutive than flexed newborns and is per 
manent, 3) the axial skeletons of diminutive 
animals are affected along their entire lengths 
he effects of the flexed genotype are 
in the tail, 4) the anemia is not 
it is permanent, and macrocytic 
in diminutive mice; rather than siderocytic, 
transitory, with normal-sized red blood cor- 
puscles as it is in flexed animals, 5) all of 
diminutive syndrome 


while 
seen mostly 
siderocytic, 


the components of the 
are always expressed while in some homo- 
zygous flexed mice, both the tail condition 
and the belly spot often fail to manifest them- 
selves* 

The anomalies of the vertebrae of diminu- 
tive mice are very similar in their nature and 
distribution along the vertebral column to 

aused by tail-kinks (tktk)®. Frequent- 
diminutive animals are 
fused with one another, and 
bodies from _ bilateral 
In both tail-kinks and diminu- 
the vertebral anomalies are 
cartilaginous skeleton of the 
Gruneberg, the mal- 
skeletons re- 
cartilaginous 


anomalies in 


vertebrae of 


ossitfy 


ording to 


tktk osseous 
of the 
turn reflect 
mesenchymatous  skele 

kinks, the axis of diminutive 

not often affected, while the 

y is. The tk increases the 
presacral vertebrae, but probably not 
otal number®, In homozygous tktk mice, 
articulation of the pelvic girdle is shifted 
udal direction. According to the text 
runeberg’s article, the number of 
different from 
respect, the ex- 
is different from 
adds 


gene num 


tk mice is not 
sibs. In this 
tktk genotype 
genotype apparently 
posterior thoracic region. Further- 
number of abnormal tail vertebrae 
ials increases in a distal direction, 
not true of diminutive mice 

ortions of diminutive 


carriers and 


amam 


newborns re- 
back- 


than expec ted 


m matings of 
were significantly less 
basis of unit recessive inheritance. 
wverlapping and maternal influence 
ave accounted for deficiencies in flexed? and 
Neither of 1 
inheri 


crosses 


these fits the 


tance of the 


® animals 
observed in the 


syndrome 


“used 
Reciprocal crosses be 

diminutive and carrier animals yield 

proportions of affected animals, and 
breeding tests revealed no normal overlaps 
Observations of prenatal litters from various 
crosses of carriers (Dmdm) and _ affected 
(dmdm) animals show that the ratios of 
affected to normal progeny is in agreement 
to those expected on the basis of unit reces 
sive inheritance. The deficiency then, of af- 
fected newborn mice in crosses segregating at 


the diminutive locus is due primarily to early 
postnatal death, although some prenatal loss 
has not been ruled out. 

In every instance the diminutive phenotype 
is represented by a 3-component syndrome. 
All affected animals were easily recognized 
by reduction in size, pallor, and abnormalities 
of the axial skeleton. It has not been possible 
to select genetically for or against any of 
these characteristics. The possibility that more 
than one closely-linked genes are involved is 
very remote. The diminutive syndrome is due 
to a single recessive pleiotropic with 
regular manifestation. 

From January until August 1956 only one of 
33 diminutive mice survived more than | day 
after birth, and it died at 16 days of age. 
From August 1956 to January 1958, | 
approximately one quarter of the 
animals were viable, and many of these en 
gaged in productive matings. The original 
animals from which the diminutive colony was 
heterogeneous, and 
BALB/c JAX and 


tor 


gene 


lOWevVeT, 


affected 


derived were genetically 
were outcrossed to strain : 
it seems | that we have selected 
modifying genes which influence the viability 
of affected mice 

The original 


ikely 


mutant, male 1, had 
filamentous tail, and severe ankylosis of the 
sacral and vertebrae. The following 
genetic and anatomic evidence strongly sug 


a short, 


caudal 
gests that he was of 
rather than dmdm 

and all known dmdm mice permanently 
small; 2) there were no fusions of adjacent 
neural arches as there were in 90 

known dmdm mice; 3) the number of presa 
not increased as in all dimin 
the number of ossifi 


genotype Dimdn 


was normal in size, 


t 


percent 


ral vertebrae was 
utive animals; and 4) 
caudal vertebrae was greatly reduced in n 
] compared with his dmdm dec 

The possibility was considered 
was heterozygous for Brachyury 
that the diminutive factor was 
(f"). To 
Tt! animals ar : the 
factor were an allele of 7 and the genotype 
of male 1 were / the marked reduction 
of the tail of male 1 could be explained. Dum 
and coworkers have demonstrated that for 
laboratory and wild populations of house 
mice, males (but not heterozygous 
for many of the known alleles of 7 produce 
more progeny with the ¢ allele than witl 
the allele 7 or 1,2. According Dunn, 
the altered ratio is the result 
production of # sperm over th 


+ alleles. If diminutive mal 


diminutive 


females ) 


ozygous for 7 or a i 

his failure to pass on the 

reduction in tail size might be 

a drastically altered segregation 
In order to test the 

diminutive gene is an 

when combined with 7 

would result, a diminutive male was mated 


oftspring were 


hypothesis 
allele of J an tna 
tailless offspring 


to a 7+ female. Nine of these 
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(T+), 11 had normal tails 
were tailless or had drasti- 
tails (7t*"). Ap- 


Brachyury 
and none 
cally reduced filamentous 
parently the gene diminutive is not an allele 
of 7. Our experience with the gene dm has 
not provided any information to help explain 
the near-tailless phenotype of male 1. 

In several important diagnostic respects, the 
phenotype of male 1: his normal size, normal 
number of presacral vertebrae, and lack of 
fusions of cervical or thoracic vertebrae, was 
different from all known homozygous animals, 
and all other known heterozygotes. 

Griineberg has suggested that a causal re- 
lationship may account for the anemia-flexed- 
homozygous flexed mice# 
genotype ff causes an early and transi- 
tory anemia with little if any normal over- 
lapping. In addition, the gene causes flexures 
of the tail and belly-spotting, either of which 
may fail to manifest themselves. According to 
Gruneberg, “whenever a gene has constant 
and inconstant manifestations, the constant 
manifestation is nearer the primary gene ac 
tion than the variable ones.” In other words, 
the anemia may be nearer the primary action 
of the than the more inconstantly ex- 
pressed effects on tail shape and pigmenta 
tion. The constant, invariable expression of all 
three manifestations of the diminutive geno- 
type makes it impossible for us to postulate de- 
upon the other. However, 
flexed-tailed newborns are 

and less anemic at birth 
litters containing 
It is possible 


( desk.) 


tail 
The 


syndrome of 


gene 


one 
that 


pendence of 
we observed 
considerably larger 
than diminutive animals in 
both (dmdm and ff) genotypes. 
that the more severe diminutive anemia never 
permits normal overlapping of the skeletal 
condition or body size. We intend to con- 
tinue to investigate the possibility of a hier- 
existing between the three components 
diminutive syndrome. 


archy 
of the 


Summary 


A new mutation in the house mouse with 
pleiotropic effects is described. The mutant 
gene, named diminutive, with the symbol dm 
is a single recessive autosomal gene affecting 
body size, red blood cell formation, and the 
development of the axial skeleton. Newborn 
diminutive mice are slightly retarded in de- 
velopment and they weigh approximately 57 
percent of the weight of their normal litter- 
mates, and remain small throughout their life 
span. They are born with a macrocytic anemia 


of Heredity 


which 
animals age. 
occur along its 


becomes slightly less severe as the 
Anomalies of the axial skeleton 
entire length. In newborn 
diminutive mice, the centra may ossify from 
bilateral centers, they may be fused with 
adjacent centra, and hemicentra occur. Neural 
arches may be incomplete, and with 
adjacent arches are common, particularly in 
the cervical and upper thoracic regions \ 
regular consequence of the dmdm genotype is 
an increased number of ribs in the posterior 
thoracic region. The skeletons of adults have 
abnormalities reflecting those in newborns 
The tails are kinked and have rigid 
due to asymetrical and fused vertebrae 
eVidence that modifying factors 
viability of diminutive ani 
mice that survive t 


Tusions 


spans 
There 
is suggestive 
influence the 
Many diminutive 
ity are fertile. 
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EFFECTS OF TEMPERATURE ON SEED 
PRODUCTION 


Of Matthiola incana (L.) R. Br. 


PETER SEMENIUK* 


XPOSURE to low temperatures 

in Matthiola incana (L.) R. Br. 

is required in order to initiate 
floral development! *. Following the 
initiation of flower buds, at tempera- 
tures below 65°F, further development 
can take place at higher temperatures. 
Thompson® distinguished the effects of 
temperature on the initiation of flower- 
ing the subsequent develop- 
ment of flowers and seeds. Preliminary 
the author indicated 
was a critical factor 
initiation of flowering 
in JM. imcana, but also important in the 
subsequent production of Ac- 
cordingly, an investigation was under- 
to determine the effects of several 
during the flowering 


and on 


observations by 

that temperature 

not only in the 
lJ 


seeds. 


taken 
temperatures 


period of stock. 


Materials and Methods 
Seedlings of an inbred line of ever 
sporting stock 


maintained at 


were grown in a green- 
65°F until the 
1 ten approximately 
\t this stage they eXx- 
constant temperature of 
weeks so that they would 
buds. Flower buds in 
of development were ex- 


1 


Hnouse 


plants ha leaves, 


SIX WeCKS. were 
posed to a 
55° for three 


initiate flower 


under a_ dissecting microscope. 

examination showed that the 
had not started to dehisce when 

began to unfurl. There- 

first tight bud on each plant 
used as the criterion for placing 


) 
] ¢ : } 


e plants in cubicles maintained at the 


fore, he 
was 
the pl: 
experimental temperatures, 55°, 65°, 
75°, and 85°, where they were kept for 
eight weeks. 

\ continuous mist nozzle 


was in- 
floor-level in one of the 75°F 


stalled at 


*Horticulturist, Crops Research Division, 


Department of Agriculture, Beltsville, Maryland 
Graduate School of the University of Maryland, June 1958, in 


ments for the degree of Master of Science 


161 


Agricultural 


chambers so that the effects of dif- 
ferences in relative humidity on the 
production of seeds could be observed. 
The other 75° chamber was operated 
at the prevailing relative humidity, 
which averaged 45 percent as calculated 
from hourly records. The relative 
humidity in the 75° chamber with con- 
tinuous mist averaged 70 percent. 

Three plants were placed in 
chamber according to a randomized de- 
sign. After six weeks in the chambers, 
all the plants were pinched off above 
the last tight bud to terminate growth 
before temperature control became im 
possible because of the appr ach of hot 
weather. After the eighth 
plants were removed from the cubicles 
and placed in a greenhouse maintained 
at 65°F. The seed pods were allowed 
to ripen for another eight weeks before 
data on seed production were collected. 
Because J/. incana is naturally self- 
pollinating and_ self-fertile, all flowers 


each 


week, all 


were allowed to 

stated otherwise 
To 

of MW. incana was formed at the 

temperatures, were 


pollen 


self-pollinate unless 


siete ] ™ oo .% — 
determine whether viable pollen 


Various 


attempts made to 


germinate on used by 


media 


other investigators For the ger 


mination tests reported here, however, a 
medium composed of two percent agar 
and 20 percent sucrose was used. The 
sucrose-agar mixture was poured into 
Petri Disks of hardened 

one-quarter of an inch in diameter 
a cork borer and 


dishes. agar 


SA Ee sat ee 
were cut with aced 


pollen was 
The 


dey ression 


~ . 1; ¢ +}, 
on cover-slips and_ the 


1 


brushed on the disks coverslip 


was inverted over a slide 


containing a drop of water. The 
Research Service, United 
part on a thesis submitted 


partial fulfillment of the 


Based in 
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SELF-POLLINATED FRUITS 


Figure 14 


Fruits of Matthiola incana following seli-pollination at 55°, 65°, 
percent and approximately 70 percent relative humidity), and 85°; 


in the photograph is from left to right. 


was then placed on glass rods over 
water in a Petri dish, which served as 
a moist chamber. The pollen was 
cultured in incubators maintained at 
55°, 65°, 75°, and 85°F for 16 hours 
before examination. 
Results 

The data pertaining to flower, fruit 
and seed formation at the several tem- 
peratures are presented in Table I. 
Exposure of the plants to temperatures 
of 65°, and &5°F increased the 
number of flowers as compared with 
55°F. The most fruits were produced 
by plants growing at 65°, and none 
were produced by those growing at 85°. 
Figure 14 shows fruits on a representa- 
tive plant from each treatment. More 
seeds were harvested from the plants 


1? » 


75°F (approximately 45 
the order of arrangement 


grown at 65° than from those 
at 55° or 75°. The increase in the num- 
ber of seeds at 65° was significant at 
the one percent level. There were no 
significant differences in yields of seeds 
per fruit on plants grown at 55°, 65°, 
and 75°. At 75° no significant differ- 
ences in yield of flowers, fruits, or seeds 
were observed between the prevailing 
relative humidity and the higher rela-. 
tive humidity. 

Germination studies were undertaken 
to determine whether the pollen pro- 
duced by the plants given each treat- 
ment was capable of growth rather 
than to obtain precise quantitative data 
on frequencies of germination. Fifty 
percent of the pollen of ever-sporting 
stock is incapable of germination be- 
cause of the presence of a heterozygous 


grown 
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ANTHERS GROWN AT TWO TEMPERATURES 
Figure 15 
Anthers of Matthiola incana from plants grown at 65°F (left) and 85 


normal dehiscence, pollen grains were exposed on the anthers of plants at 65 
grains were released from sutures near the base of the anther of plants at 85 


lethal gene’. Therefore the estimates of 65° germinated well at all four 

germination of the pollen were adjusted peratures and produced long, slender 

to compensate for this lethal factor. tubes. Pollen from plants grown at 75 
grown at 85° did had reduced germination at 85° but 


Pollen from plants g 
r 85°F. germinated well at the other tempera 


s 
not germinate at 55°, 65°, 75°, « 


I 


) 
Pollen from plants grown at 55° ; ures. However, the tubes were short 


TABLE I. Production of flowers, fruits, seeds by Matthiola incana at four temperatures and two humidi- 
ties at 75°F 


F] 
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FLOWERS PRODUCED AT CONTROLLED TEMPERATURES 


Figure 16 


Inflorescences of Matthiola incana two weeks after plants of the same age were placed in 


cubicles at controlled temperatures : A—55 
D (85°) show splitting of the calyxes. 


in comparison with those produced | 
pollen from the plants grown at 5 
and 65 


r\ 
a 


Further evidence as to the deleterious 
85°F during the flowering 
period on the pollen was obtained 
Counts of filled and empty grains 
stained with aceto-carmine disclosed 91 
percent (1012 filled, 97 empty) stain- 
able pollen from plants grown at 65 
and 14 percent (152 filled, 904 empty) 
stainable pollen from plants in the &5 
cubicle. 


effect of 


In order to ascertain whether pollen 
produced at 85° failed to function on 
potentially fertile female parents, 25 
emasculated flowers from the 65 
cubicle were crossed individually with 
pollen from 25 flowers from the 85 
cubicle. No fruits or were ob- 
tained. 

As illustrated in Figure 15, compara- 
tively small amounts of pollen were re- 


seeds 


65°; C—75°; and D—85°F. Flower buds in 


in com 
parison with those released by plants 
grown at a lower temperature. At 85° 
he anthers ordinarily did not dehisce 
The anther on the left, from a flower 
grown at 65° was completely covered 
with pollen. The anther on the right, 
from a flower grown at 85°, had no pol- 
len on the surface; some pollen how- 
ever, was escaping at sutures near the 
base of the anther. In order to deter- 
mine whether the high temperature also 
adversely affected ovule development, 
25: flowers in the 85° cubicle were 
crossed with pollen from flowers in the 
65° cubicle. No fruits or seeds were ob- 
tained, indicating that ovule abortion as 
well as pollen abortion occurred at 85°. 

The plants grown at 65° to 85°F de- 
veloped faster, and more flowers opened 
in the first weeks than on those 
grown at 55°, (Figure 16). After two 
weeks at 75° and 85°, the plants had be- 


leased by plants grown at 85°F 


two 





Semeniuk: Effects of 


gun to show shortening of the inter- 
nodes of the inflorescence, became 
progressively more extreme. This short- 
ening resulted in the plants from the 
75° and 85 being shorter, 
(Figure 14) plants in the 65 
cubicle. 

The calyxes of young flowers began to 
split within two weeks after the plants 
were placed in the 85°F cubicle, (Figure 
16D). By the end of six weeks splitting 
of the calyxes was also observed on 
of the flowers in the 75 
In flowers with split calyxes, the anthers 
bent outward from the stigmas. 
Flowers) grown 5 normal 
calyxes; the peta al anthers 
held in over the 
stigma seeds 
from fruits 


75 ] 


he + ~} niher h . 1 toni 
the two /o> chambers showed no signin- 


which 


cubicles 
than the 


“ashicl 
some cu ty ie, 


away 


were 


position aroun 


germina of 
5°, and 


Tests of 


formed in 
cant differences. 


Discussion and Conclusions 


n flowers and 
sulting fruits and “is indicated 
was the ptimal temperature 
flower} period of AM. tmcana 
flowering 


lemperatures 
period 

increased number of 
isiderably I re fi 


than at 


above we Il 
stock resulted 
flowers Ithou 
were produced at 75 two 
treatments resulted in equal 
numbers of fruits and seeds. Plants grown at 
85° produced many flowers, which re com- 
pletely sterile 

Several factors which caused failure of 
fruit and formation at 85°F were ob 
served. The pollen from flowers grown at 85 
had 86 percent empty grains, as indicated by 
staining with aceto-carmine, in comparison 
with nine percent empty pollen grains collected 
from flowers grown at 65°. The pollen pro- 
duced at 85° failed to germinate in culture 
at 35°, GS, 75°. and 5°, while 
lected from flowers grown at 65° germinated 
well and produced long tubes under all the 
same conditions of culture. The pollen col- 
lected from plants grown at 85° also failed to 
function in crosses on the highly fertile 
flowers in the 65° cubicle. 

Poor germination of pollen from M. incana 
was obtained by use of Snow’s* and Wad 
dington’s* medium consisting of one percent 
agar and 15 percent sucrose. Kuhn? found 
that the addition of agar or gelatine to solu- 
tions of sucrose reduced bursting and im- 
proved germination. He obtained satisfactory 
germination of the pollen of stock on pre- 
dried drops of 10 percent gelatine. Success- 
ful germination was obtained, after trials of 


ywers 


approx! 


se ed 


pollen col 


Temperature on Seed Production 
if 


mentioned, with a medium 
taining 20 percent sucrose and two aa t 
These results indicate that the pollen of 
VJ. incana fits in Visser’s® category of ca 
mal germination under conditions of restricted 
availability of water 
In addition I abortion 
morphological effects which could 
bstruct self-pollination were observed. 
anthers ordinarily did not 
Furthermore, a mech barrier to 
pollination was observed at 85° and t 
lesser extent at 75°. Normall y the stigma 
surrounded by the filaments and the anther 
, 
le 
1 


the media 


to poller 


de hisce 


ae 
lanical 


bend inward ollen is thus placed on _ the 
stig é longation of the pisti 
\t he higher 

urred 
ments bent outward and | 
nation by holding the anthers away 


likely that this 


| 
takes place 
temperature, splitting f the 


calyxes oct In these flowers, the fila 


prevented 


tlowers 
tected 


between the 
the higher 
Although fewe 
at 75° than ; : 
not statistically 
the number of seeds 
with the 
primarily to the 
percent 


parison 
failure 

flowers to 

seems a hat tl 

centage of 

at 75 "hekon that < 

expression of the 

total sterility of the plants 

No significant differences were 

percentages of germination of 

from plants kept at 55°, 65 


Summary 

An inbred line of ever-sporting Matthi 
incana (L.) R. Br. was used to test the ef 
fects of 55°, 65°, 75°, and 85°F during t 
flowering period on seed production. The ef 
fects of two different relative humidities at 
75 m the production of were als 
tested. 

The production of fruits and seeds per 
plant was greater at 65°F than at the other 
temperatures tested. The increase in the num 
ber of fruits per plant and plant 
was significant at the one 


ne 


seeds 


seeds per 


7 1 ] 
percent level 
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The plants in the experimental chamber 
maintained at 85°F were entirely sterile. Pol 
len obtained from plants grown at this tem- 
perature was 91 percent empty as indicated by 
staining with aceto-carmine, and failed to 
germinate on a medium composed of 20 per- 
cent sucrose and two percent agar. Pollen 
from plants grown at the other temperatures 
germinated, but that from the plants in the 
experimental chambers maintained at 75° pro- 
duced shorter tubes than pollen from plants in 
the 55° and 65° chambers. Pollen from plants 
in the 85° chamber failed to function on 
highly fertile flowers produced in the 65 
chamber. 

Effects on floral morphology were evident 
in the plants kept at 85°F. Most of the 
anthers failed to dehisce at this temperature. 
Furthermore, the calyxes split and the anthers 
bent away from the stigma so that self-polli- 
nation was obstructed. 

The plants in the 85°F 
male-sterile well male-sterile. Seeds 
were not produced at 85° following crosses 
with pollen obtained from plants in the 65 
chamber. 

No significant differences were 
between the plants in the two chambers at 
75°F maintained at approximately 70 percent 
relative humidity and at the prevailing relative 
humidity of approximately 45 percent. Some 
of the flowers at this temperature had _ split 
calyxes, but splitting was less than at 85°. The 
highly significant reduction in seeds per plant 

75° as compared with seeds per plant at 
was due mainly to the failure of approxi- 


mately 50 percent of the flowers to set fruits 


chamber were fe- 


as as 


observed 


65 
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5 
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The highly significant reduction in seeds 
per plant at 55°F in comparison with seeds at 
was due primarily to the formation of 
fewer flowers at the lower temperature. 

The results show that after bud initiation 
at 55°F, 65° is the most favorable tempera 
ture tested for the maximum production of 
t stock. 


65 


seeds ot 
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TOO MANY COOKS? 


A Strange Case of Near-Identical 
Nomenclatorial Twinning 


* has come to my attention that American 
biologists are being circularized to obtain 


[’ 
biographical data for a new edition of a vol- 
ume with the perhaps optimistic title “Lead- 


ers in American Science.” The editor-in-chief 
f this compendium is Robert Cecil Cook, 
sometime president of Mississippi Southern 
College of Hattiesburg, Mississippi, and cur- 
rently an insurance company executive there. 
Some biologists have been under the impres- 
sion that this venture a sideline of mine. 


1s 


I take this opportunity to state that I 
neither associated with the production of this 
book nor of any other publications of “Who's 
Who in American Education, Inc.” of Nash- 
ville, Tennessee. I have no control over the 
selection of “leaders” nor of the promotion 
methods which some of my friends have ques- 
Robert [Carter] Cook 
Editor 
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am 


tioned me about. 





GALLUS SONNERATI 
AND THE DOMESTIC FOWL 


C. H. DANFoRTH* 


‘HE origin of the domestic fowl 

Gallus domesticus, has been a mat- 

ter of interest ever since the publi- 
cation of Darwin’s “Animals and Plants 
under Domestication.” 
and comprehensive chapter, perhaps in 
these days more often quoted than read, 
Darwin! developed the thesis that all ex- 
isting breeds of chickens, diverse though 
they are, may have arisen through varia- 
tion and artificial within the 
limits of a single species, Gallus bankiva 
curren 


In a ‘searching 


selection 


or ferrugineus (Gallus gallus in 
termi! ology ¥ 

Most later writers, including many 
poultry have further 
than Darwin himself and accepted his 
tentalive they 


scientists, gone 


conclusions as though 
| 


were established facts. Evidence that the 
red junglefowl did indeed play a major 
in the origin of domestic breeds is 
impressive, but support for the opinion 
that it the sole ancestor of these 


breeds is much less convincing. The ac- 


role 11 


1 
} 
! 


Was 


companying records (Table 1) and pho- 
tographs are presented, not as proof that 
modern breeds have been derived from 


than one ancestral species, but as 


. 
indication that they 


mie 
nig 


TABLE I. 


*Department of Anatomy, Stanford University 
ia. The writer is indebted to Mr. E. W 


California. 
assistance in connection with this study 


é 


Results of the 10 matings shown in 
Table I will serve to indicate the variety 
of hybrid mixtures that have been ob- 
tained in a single small experiment origi- 
nally designed to test the possibility of 
transferring a domesticus trait, domi- 
nant white, to an otherwise typical Son- 
nerat, and a Sonnerat trait, spangling, to 
a domestic breed. (It may be noted that 
the spangles of a Sonnerat male, unlike 
several domestic breeds, 
morpho 


the spots on 
specializations 


logically comparable to the 


are structural 


“sealing 
wax” of a cedar waxwing. ) 


The gallus and sonnerati specimet 
were possibly as good re} 


mating | 

ntative f the red and the erav jun 
sentatives of the red and the gray jun 
fowl as one could hope to find, alth« 
red junglefowl 


probably any 


whatever source—is open to suspicik 
more or less remote domestic ancestry. 
The domesticus bird shown in mating 2 
belonging to the late 
Mr. David Port Orchard, 
Washington; the one in mating 4+ was a 
of an established strain, 
sexed chick, and g1 

associate with 


nated to an F, 


hen 
| 


Johnson of 


Was a game 


white Leghorn 
purchased as ven 
any 


hvbrid - 


Types of mating and offspring 


Medicine 


of the Sawyer Foundation 


School of 
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( 
167 





The Journal of Heredity 


DESCENDENTS OF GALLUS SONNERATI 


Figure 17 


The genetic backgrounds of specimens illustrated are indicated in Table I. .4—Female 
from Sonnerat mother and F; father. This bird is larger than a true Sonnerat, but its markings 
are similar except that they are less sharp in tone and outline. The eggs are similar to those 
of a Sonnerat. It sits very closely while incubating and is a devoted (but irrational) mother 
(Two lines of Sonnerat ancestry.) B—Male produced by breeding inter se the offspring of 
an F; male back-crossed to a domestic female. This bird has a commonly observed defect in 
the right wing, as did his father and a niece. (One line of Sonnerat ancestry.) C—Female 
offspring of the two birds shown in A and B. This specimen is much larger than a Sonnerat. 
Her eggs are large, about 64 grams in weight and pale buff in color. (Two lines of Sonnerat 
ancestry.) D—A pair of full sibs, collaterally related to the foregoing. The female lays eggs 
of medium size, off-white in color. When alarmed the voice, especially of the male still shows 
a trace of Sonnerat influence. (One line of Sonnerat ancestry.) 


the male in mating 8 was also a white The diversity of matings which have 
Leghorn, but of an unrelated strain. The produced healthy vigorous offspring 
nature of other matings recorded in the suggests that any combination of blood 
table is self-evident. Proportions of from the two species is possible. Never- 
Sonnerat genes indicated for groups C-J theless some individuals of both sexes 
are, of course, theoretical. have failed to reproduce, although no 





Danforth: G. sonnerati 
evidence of intersexuality has been ob- 
served. As Ghigi® has pointed out, son 

nerati in captivity is less hardy than 
domesticus and cases of infertility in it 
and its hybrids may at times be due to 
environmental, nutritional or morpho- 
logical factors as well as genetic ones 

Available data are not adequate for eval- 
uating these possible effects, but thus far 
they have failed to show that such steril- 
ity as may exist is limited to either sex 
or to any special class of offspring. In 
this respect the observations reported 
here in essential accord with those 
of Delacour’ and of Ghigi, two the 


s/s 
most eminent 


are 
of 

students in the field. It 
should be noted, however, that in spite 
of the mutual interfertility of the two 
species, Delacour doubts that sonnerati 
has contributed to the formation of mod- 
another distin- 
cuished observer, speaking of the red 
junglefowl states flatly that “From this 
species, and from this alone, all forms 


ern breeds ; and Beebe?, 


of domestic fowl have taken their origin.” 
Writing on G. 


that “‘it 


sonnerati(i), Darwin records 
time thought to be the 

primitive stock of all our domestic breeds, and 
his shows that it closely approaches the com 
general structure; * but a 
personal observations and consider 
ond-hand information ultimately led 

to a different conclusion. He stated that 
India sonneratti crosses with domestic hens 

1 that Mr. Blyth raised nearly 100 chicks, 
were tender and mostly died whilst 

Those which were raised were abso 

sterile when crossed inter se or with 
either parent.” Other observations and reports 
were somewhat 7 but it was 
Darwin’s final opinion that from the records 
and from 
domestic fowl and G. s 


the latter species as the parent Of any domesti 


was at one 


TOW! 


more favorable, 
“differences in structure between the 
mnerattt we may reject 


breed 

In this connection, it 
that within five or six years after these com 
ments were published, W. B. Tegetmeier®, on 
whose knowledge and judgment Darwin relied 
heavily, reported that a Mr.° Douglas had 
crossed a Sonnerat cock to game bantam hens 
allowed the young to interbreed with 
until all trace of the Sonnerat had 
disappeared. To what extent, if at all, descend- 
Douglas hybrids ultimately found 
their way into breeding pens of fanciers, or 
ow much these and similar hybrids have con 
tributed to the compactness and style of im 
proved bantams and other breeds are matters 
Perhaps they have made no 
even to their genealogical 


is interesting to note 


ind then 
bantams 


nts of the 


of conjecture. 
contribution, 


real 


and the Domestic Fowl] 


: about the possible 
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descendants, for it is conceivable that when 
ever sonnerati genes have been introduced in 
the past they have proved incapable of hélding 
their own for long against their domesticus 
counterparts. But it is conceivable that 
mixed ancestry may have contributed some 
hybrid vigor to domestic breeds, and possibly 
enhanced their variability. With regard to in- 
fertility, it might be noted that a 
inter-specific sterility which in the wild could 
provide genetic barrier might be 
of small account under domestication where 
artificial selection could preserve and propa- 
gate individuals which happen to appeal to 
the breeders’ fancy if at the time they 
showed even a moderate degree of fertility. 
Among the hybrids observed in the present 
tudy, some have been of the “barn-yard” type, 
but others have shown something of the grace 
and elegance of the best in Mediterranean 
breeds. Introgression of foreign genes through 
hybridization of certain plant species seems to 
have been fully established by Anderson! and 
others, and the possibility of a similar 
nomenon in birds is indicated by studies on 
pheasants by Danfortht and Sandnes’. Speci 
mens shown in the accompanying figures dem 
onstrate that individuals known to have 
proportions Of Sonnerat ancestry 
readily 
that perhaps is what, in effect, 
Thus there still seems to be enoug! 


also 


degree of 


an effective 


same 


pie 


vari 
could 
domestic fowl—and 
they really are 
uncertainty 


ous 


pass as ordinary 


connections between | 

{ 1Cu justity 
an open mind with regard to their mutual 
ter-relationships. (Cf. Hutt?.) The purpose of 
t! ly to emphasize 


is simply 
the domestic fowl 


) 
neratt, G wlus and G. domesticus to 


ths once more, 


that the ultimate origin of 


some doubt 


note 
is still in 
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MULTIVALENT CHROMOSOME ASSOCIATION 
Figure 18 


> 


A—S. dimissum X S. gigantophyllum. Diakinesis with three nucleoli, (1764). B 
S. demissum * S. saltense. Metaphase I. 21 + 2: + 19n, (2117). C—S. demissum X 
S. soukupti. Metaphase I. liw+ 61+ 19n, (X 2196). D—S. demissum X S. phureja. Meta- 
phase I. A clear quadrivalent is visible in the center with some of the bivalents which are 
recently disjoined, (1960). 





CYTOGENETIC STUDIES OF TETRAPLOID 
HYBRIDS IN SOLANUM 


From Hexaploid-Diploid Matings 


M. L. Macoon, R. W. Hovucas anp D. C. Cooper* 


HE practicability of utilizing wide 

crosses, such as the hexaploid 

diploid matings suggested — by 
Black! for transferring desirable genes 
from Solanum demis#in to the common 
potato, depends to a large extent on the 
meiotic behavior of the hybrids obtained 
from such A fairly regular 
meiosis is essential if loss of chromatin 
material or poor fertility is not to prove 
an obstacle to such a transfer. Pre- 
liminary studies on the meiotic be- 
havior of a few hybrids of this type 
results” 


6 
analysis of a 


crosses. 


have given contradictory 
\ detailed cytogenetic 
number of hexaploid (2n=72)  di- 
ploid (2n=24) hybrids was undertaken 
in order to evaluate the 7 
‘+h hvbrids in a breeding progr: 
such hybrids in a breeding program 


efficiency ot 


Material and Methods 


\ largesfufhber of S. demissum (2n 
72) flowers were emasculated and 
later pollinated pollen from. dif- 
ferent clones of several diploid (2n 
24) species. A berries containing 
per berry resulted 


with 


few 


several seeds from 
the following crosses: 
Le as 


demissum XX § rthaulti 
W RF66.1 
demissum ™ S, 


WRE98.1 


thheruloeny) 
gil erulosuin 


and .2 
S. goniocalya 


demissum S. gigantophyllum 

WRFEF103.1 
demissum 
WRE58.1 
lemissum 
WRF335.1 
demissum 


WRF91.2 


phure ja 
saltense— 


soukupiti 


*Paper No. 700 from the Department of Genetics, University of Wisconsin 
part by the Research Committee of the Graduate School from funds supplied by the 
wish to 


Alumni Research Foundation. The authors 


} 


iouse work. 
hereby acknowledged 
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Rieman for beneficial discussions, and to Mr. Roman Ross for assistance with field an 


8. S. demissum X S. stmplicifolium 
-WRF85.1 and .2 

Not all the seeds proved to be viable. 
In addition to triploid and pentaploid 
plants several vigorous, profusely flower- 
ing hybrids with 48 somatic chromo- 
somes were obtained following each 
cross. 

Meiotic configurations were analyzed 
in preparations made _ following — the 
technique, with suitable modifications, 
described in detail by Swaminathan 
et al.2° and Magoon et al.!® ™ which 
good results with 
Deeply 
very 


gives uniformly 
Solanum — materials. stained 
chromosomes lying in a lightly 
stained cytoplasm were obtained using 
a mixture of propiono-carmine and ace- 
to-carmine in suitable proportions. Vari- 
ous pretreatments were usually required 
in order to obtain configurations with 
well spread chromosomes'® 
Experimental Results 
Diakinesis 
Satisfactory preparations of diakinesis 
and later é readily 
obtained. In ad 
present in a majority of 
Occasionally tri- 
present. The 
ne te 
8A), 


stages of meiosis are 


ition to bivalents, quad 


rivalents are 
the microsporocytes. 
valents and univalents are 
behavior of nucleoli is variable. O 
three nucleoli may occur (Figure 1 
ind when than l 
present, they 


more one nucleolus is 


differ in size 


Vetaphase I 

Multivalent chromosome associations, 
mainly quadrivalents and trivalents, in 
addition to bivalents and univalents, are 
present at this stage (Figures 
19.1). There 


usually 


1I8B-D, appears to be a 


Supported in 

Wisconsit 

thanks Dr. G. H 
] rreet 
1 } 


express their 


Co-operation from the Inter-regional Potato Introduction Project 





METAPHASE I AND ANAPHASE I 


Figure 19 


A—S. demissum & S. gibberulosum. Metaphase I. 4iy + lin + 11 + I4n, (1568). 
B—S. demissum X S. berthaultii. Metaphase I. T-bivalents indicated by arrow, (2176). 
C—S. demissum X S. simplicifolium. Anaphase I showing a large number of laggards, 
(1823). D—S. demissum & S. berthaultit. Anaphase I with T-chromosome lagging on the 
spindle, (2117). 





) hybrids of Solanum 


24 


diploid (2n 


Details of meiosis in hexaploid (2n 


I. 


TABLE 


maximum} 


Magoon e¢ 


WRF125.1 


l 


3 


WRFIO0 
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WRFS58.1 


WREF35.1 


WRF8&5.1 


tendency towards a reduction in the 
frequency of multivalent associations be- 
tween diakinesis and metaphase I. Rare- 
ly the chromosome complex is composed 
of bivalents plus univalents (Table I). 
Certain bivalents appear to have a tend- 
ency to separate precociously. These 
have been scored as univalents in Table 
I. Chromosome associations resembling 
T-bivalents are present at metaphase | 
in the hybrids S. demissum  S. bert- 
haultii and S. demissum * S. giganto- 
phyllum (Figure 198). Two satellite- 
like bodies are present in some bivalents 
while other bivalents have only one, i.e. 
they are heteromorphic. Occasionally 
in each hybrid, one and rarely two or 
three rod-type bivalents are lying at 
some distance from the plate. These non- 
oriented and non-congressed bivalents 
may or may not reach the equatorial 
plate. A few hypoploid (less than 2n 

48) cells having a variable number of 


chromosomes are present in each hy- 
brid indicating the occurrence of ir- 


4 
1 
} 


regularities in pre-meiotic mitoses 


Anaphase I 


This ‘stage is often irregular. The 
iable in the different hybrids (Figure 
19C). The T-chromosomes sometimes 
lag on the spindle (Figure 19/)). The 
behavior of the univalents is variable in 
these hybrids. They either reach the 
poles divided or intact or may lag and di- 
vide (Figure 204). Certain chromo- 


somes may arrive at the poles prior t 


to 
the rest of the complement. These are 
assumed to be univalents which failed to 
become oriented on the metaphase plate 
Occasionally certain bivalents show be- 
lated separation probably due to the ar- 
rest of terminalization of the chiasmata 
Chromatin bridges and fragments may 
occasionally be present. A fragment may 
be present without any bridge in certai1 


‘lones of these hybrids. 


Interphase 

The number of chromosomes incor 
porated in the interphase nuclei is vat 
able. A few chromosomes frequently re- 


main off the spindles and may be lost 





ee. 


ABNORMAL CHROMOSOME BEHAVIOR 
Figure 20 


A—S. demissum & S. gibberulosum. Anaphase I. A large number of laggards, with some 
univalents dividing on the spindle, (2078). B—S. demissum * S. goniocalyx. Metaphase II 
Chromosomes lying in the cytoplasm away from both plates, (1568). C-—S. demissum 
S. simplicifolium. Second division restitution, (1999). D—S. demissum & S. goniocalya 
Anaphase II with broken chromatid brdge, (2117). 
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TELOPHASE Il 
Figure 21 
lelophase I] Note 


S. phureja. | 


in the cytoplasm. Univalents divided or — sion after the chromosomes have se] 

intact, which fail to be included in the rated. The second division may then 
daughter nuclei, may form micronuclei. proceed normally and produce dyads of 
The behavior of nucleoli is variable at spores. This may also result from the 


1 
metapnase pilates at seco! 


+11 


this stage usion of the 
division. If restitution occurs in 
Metaphase Il cells during the course of second divi 
The number of chromosomes on the sion, a monad will be formed. 
metaphase II plates is often variable in 
all these hybrids. A few chromosomes 
commonly lie outside the influences of Chromatin bri 
the spindles so that they do not move when they do tl 


to the poles (Figure 208) and may be towards the end of anaphase II, ( Figure 


S 
1 
t 


Anaphase II to Telophase Il 
lges rarely occur and 


< 
> 


ev are always broke 


lost in the cvto 


2 pwn _ . - a “ee - 2 

balanced nuclei (Table I). oecur. The number varies in the di 
ferent hybrids Some chromosomes 

Restitution nuclei often remain scattered in the cytoplasn 


asm resulting in wun- 2072). Lagging chromosomes commonl\ 
I 


First and second division restitution (Figure 214). As a result of these al 


nuclei are occasionally present (Figure normalities more than four groups « 
« Ss 


' 


20C). Their presence may be due to the chromosomes are frequently present at 
failure of the nucleus to complete divi- telophase II (Table 1) 
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Sporad stage 


Monads, dyads and pentads are pre- 
sent in addition to tetrads. Triads and 
hexads may also occur. A variable num- 
ber of micronuclei may be present in 
the different hybrids (Figure 21B). 


Pollen and seed production 


Interplant and interclonal variation as 
regards pollen stainability is very com- 
mon in this material. Pollen stainability 
ts low in most of the hybrids. The pollen 
grains are polymorphic in nature with 
occasional giant pollen (Table 1). The 
occurrence of micronuclei and the fre- 
quent presence of multiple chromosomal 
groups at late second division may offer 
an explanation for the variation in size 
of the pollen grains. 

A few seeds are obtained in all the 
F; crosses. All the hybrids fail to pro- 
duce seed on selfing. Irregularities in 
the pollen and seed production can be 
explained to a large extent on the basis 
of the meiotic abnormalities which pre- 
cede their formation, but other factors 
such as genetical, physiological and en- 
vironmental conditions also appear to 
be involved. 


Discussion 

There are various conflicting views as to 
the basic chromosome number, polyploid 
nature and mode of chromosome pairing in 
the genus Solanum. One school of investi- 
gators basing their conclusions on the forma- 
tion of as many as 12 bivalents in the poly 
haploid of S. demissum suggest that in this 
species, there are two somewhat similar 
genomes and a third one that is quite different. 
Other investigators, on the basis of their cyto- 
logical and genetical observations of Solanum 
species and species hybrids at different ploid 
levels, consider the basic chromosome num- 
ber to be six. They believe the gametic set of 
S. demissum consists of six genomes. The 
formation of hexavalents and _ octavalents 
during early diakinesis of S. demisswm has 
been held to support this supposition. 

It is very difficult to predict chromosome 
homologies on the basis of chromosmme as- 
sociations in the hybrids because of the 
morphological similarity of the Solanum chro- 
mosomes. According to some workers?! the 
most outstanding feature of meiosis in the 
tuber-bearing Solanums is that chromosomes 
of any genome appear to be capable of 
forming bivalents with the chromosomes of 
any other genome. Such singularity of chro- 
mosome pairing must be borne in mind in 
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evaluating the observations recorded in this 
study or any cytogenetic data concerning this 
genus. 

The elucidation of chromosome behavior in 
the hybrids under consideration becomes com- 
plicated by the fact that the genomic makeup 
of one of the parents, S demissum (2n=72) 
in in itself a matter of considerable contro- 
versy. The formation of quadrivalents in the 
hybrids between S. demissum and diploid spe- 
cies would appear to be difficult to interpret 
clearly, if it is assumed that only two of the S. 
demissum genomes are homologous. Assuming 
that complete allosyndesis occurs between these 
two sets and the chromosome set from the dip- 
loid parent, the highest multivalent formation 
that could be expected would be trivalents. It 
may appear that the occasional trivalents 
formed in a polyploid of S. demissum® can be 
the result of some homology between the chro- 
mosomes of all the three sets in this species. 
On the assumption that such autosyndetic 
pairing is combined with allosyndetic pairing 
with the chromosomes from the diploid parent, 
quadrivalent formation would be expected. 
However, the much higher frequency of the 
quadrivalents in these hybrids as compared 
with the rarity of trivalents in a polyhaploid 
of S. demissum5 makes it unlikely that the 
quadrivalents in these hybrids can be fully 
accounted for on this basis. 

On the other hand if it is assumed that the 
basic chromosome number is n=6, the for- 
mation of these quadrivalents also becomes 
possible by a combination of autosyndetic and 
allosyndetic pairing. Thus if two of the six 
genomes of S. demissum are alike enough to 
pair with each other and also homologous to 
some extent with the two sets from the diploid 
parent, a theoretical maximum of six quad 
rivalents could be expected. This would, of 
course, assume that the two from the 
diploid are at least partially homologous. This 
assumption appears to be possible in view of 
the reported occurence of quite a number ot 
quadrivalents in certain diploid species*. The 
remaining four genomes of S. demissum could 
then pair giving rise to two six 
bivalents or two of them may be sufficiently 
homologous to form bivalents consistently 
while the other two sets may give rise to 
variable numbers of bivalents and univalents. 
Univalents along with trivalents and bivalents 
could also arise from the non-realization of 
the full potentiality for quadrivalent forma- 
tion. The exact decision regarding chromo- 
some number in the genus Solanwmn must, 
however, await a comprehensive study of the 
whole genus. 

It is known that chromation 
fragments arise following crossing-over with 
in an inversion loop and as such indicate the 
existence of , structural heterozygosity. 19,11, 
The presence of an acentric fragment at ana- 
phase I without a dicentric bridge and the 
presence of a bridge at anaphase II may be 
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sets of 
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due to the fact that either the bridge is 
broken early or a dicentric loop is formed 
and carried unbroken to one of the poles. In 
either case the fragment is left behind. 

Univalents show a variable behavior during 
the first and second division. Failure of 
pairing among chromosomes which are poten- 
tially capable of doing so is generally con- 
sidered to be due to structural differences or 
to mechanical interference due to the presence 
of too many homologous chromosomes?. Many 
investigators have noted a decrease in chro- 
mosome pairing following hybridization and 
some have found that such a decrease is due 
to genetic factors. The presence of univalents 
as early as diakinesis and a large number of 
them at metaphase I suggest that, in addition 
to possible precocious separation, lack of 
homology due to structural differences as 
well as genetic and other factors may play an 
important role. Propach!5 and Koopman® ob- 
served uni-, bi-, tri-, and tetravalents at 
metaphase I in hybrids between (S. demissum 
x S. verrucosum) and (S. demissum  S. 
conmmersonit) respectively. 

The delayed separation of chromosomes oc- 
casionally. noted is probably due to a change 
in homology of the paired chromosomes re- 
sulting in an arrest of chiasma movements. 
The occurrence of belated separation of cer- 
tain bivalents as well as of inversion bridges 
and fragments indicates the existance of 
structural differences between the chromo- 
some sets involved. It is thus evident that, in 
addition to gene substitution!® and cryptic 
structural differences5.19 cytologically detect- 
able = structural have 
contributed to differentiation in the 
section tuberarium of the genus Solanum. 

Prakken and Muntzing!4 observed the T- 
chromosome peculiarity in rye and attributed 
this to “an interaction between the genotypical 
constitution of the various lines and struc- 
tural difference separating the lines with and 
without a T-chromosome pair.” T-chromo- 
somes were noted in some Solanum hybrids in 
the course of the present investigation and 
have been observed in certain other Solanum 
materials? -18.17 

Darlington= that interchromo- 
somal repulsion on a crowded plate is respon- 
sible for non-congression and non-orientation 
of the bivalents is due to increased distance 
between centromeres. He believes repulsion is 
the effective agent in orientation. If this is 
true, then the rod bivalents will have a 
greater distance between the centromeres re- 
sulting in less repulsion. This appears to be 
the case here 

The unpaired chromosomes which are not 
included in either of the telophase groups 
usually remain near the equatorial plate. 
These, as well as chromosomes lying outside 
the spindle, fail to approach either pole. Such 
chromosomes usually are not incorporated in 
the interphase nuclei as is also indicated by 


changes®.10,11,12 also 


species 


ct msiders 


metaphase II plates with varying numbers of 
chromosomes rather than the expected equal 
distribution. Numerous other irregularities 
both at first and second divisions and sporad 
stage are present and this leads to a great 
loss of genetic material at various stages. 

The cytological behavior of the S. demissum 
<x diploid hybrids is of great interest to the 
breeder since the utilization of “bridging 
crosses,” such as (6n & 2n) Fi & 4n has been 
suggested by Black! as a means of trans- 
ferring desirable S. demisswm characters to 
the cultivated potato. Previous investigators 
5,21,22 reported a fairly normal meiosis in 
one such synthetic tetraploid hybrid and con 
cluded that the method suggested by Black 
was very promising. 

The highly irregular meiosis in the hy- 
brids under consideration results in a loss of 
chromatin material and variability of chro 
mosome number in the progeny as well as low 
pollen fertility. There need, however, be no 
correlation between micro and megasporo- 
genesis, so that the synthetic tetraploid may 
still be capable of being used as the female 
parent in crosses with S. tuberosum. This can 
only be determined by studying such crosses 
If there are similar irregularities in the 
megasporogenesis, attainment of the breeder’s 
objective is likely to difficult 
than previously anticipated. 


become 


more 


Summary 


The course of microsporogenesis in clones 
of eight different 6” 2n hybrids, obtained 
following numerous cross pollinations, is des- 
cribed. Meiosis is very irregular in a majority 
of the microsporocytes in all the hybrids 
Multivalents, univalents, lagging and elimina- 
tion of chromosomes, chromatin bridges and 
fragments, and numerous other abnormalities 
occur. It is sugegsted that cytologically de 
tectable differences between the chromosomes 
of some of these species exist. Pollen fertility 
is very low. All the hybrids fail to produce 
seed on selfing. The results of these investiga 
tions seems to show that there are limitations 
in the use of this “bridging”? method, [i.e. (6) 
Ss 2n) Fix S. tuberosum) in the develop 


ment of improved potato varieties 
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A LINKAGE BETWEEN TWO SECTIONS 
OF A CHROMOSOME IN BARLEY 


Tuto E. 


ORK with barley interchanges 
by Kramer, et al.‘ has indicated 
that linkage group III and link- 
age group VII® are parts of the same 
chromosome. This paper reports a link- 
age between two genes, 4,2 of linkage 
group III and y, of linkage group VII. 

The genetic stock, Coast II, is hetero- 
zygous for a white seedling gene, dee, 
which was described by Robertson and 
Deming® and was located in group III 
by Robertson®. Genetic stock Coast III 
is heterozygous for a virescent seedling 
gene, y,, which was described by Robert- 
son and Deming® and located in group 
VIl by Robertson, et al? 

The cross between Coast II (4,£a,*) 
and Coast III (¥.v.) was made to de- 
termine the amount of recombination, if 
any, between these two genes. In this 
cross the gene for white seedling is epi- 
static to the gene for virescent seedling; 
therefore, it is impossible to distinguish 
the phenotypes of genotypes @,20.2Y.Y, 
ind @p24.2Y ye from those of genotype 
AeeAee VoVe- 


Linkage Relations 
The F: phenotypic distributions and the 
chi-square test of goodness of fit are presented 
Table I. As shown, the chi-square indicates 


Observed distribution of green, virescent, 


TABLE I. 


Haus* 


a poor fit to a calculated 9:3:4 ratio. 
The calculated recombination value was deter- 


AB—2 
AB+ 


Ab? 
Ab 


mined by Collins’ formula: P= 4 


where it is impossible to distinguish any two 
classes, in this case aB and ab. A value of 
25.55 percent recombination was obtained by 
this method. The standard error is 7.13 per 
cent. When the expected numbers are com 
pared to the obtained numbers in the F. on 
the basis of 25.55 percent recombination, a 
good fit is obtained as shown in Table II. 

A further test of the linkage relations be- 
tween these two genes was made by deter- 
mining the F: genotypes of the green plants 
according to the segregation in the Fs genera- 
tion. The distribution of 776 F: plants ir 
their respective genotypes is given in 
III. As in the Fs, the test for independence 
in the Fs gives a poor fit as I 
chi-square value calculated for 
segregation. 

Formulae developed by 
to determine 


Immer? were 


: ; 
the percent recombinatior 


Observed Fy, distribution compared with 
distribution assuming 25.55 percent 
recombination 


TABLE II. 


calculated F 


Item 


Observed numbers 
Calculated 1 
x- 


and white seedlings in Fy, of Coast II Coast III 


N 


S46 

14] 

182 

981 
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the F; data. A value of 28.32 percent recom- 
bination was obtained with a standard error 
of 1.63 percent. 

The best estimate of the amount of recom- 
bination for both F, and Fs; data can be found 
by combining the data according to the 
formula given by Immer.’. This value was 
found to be 28.14 percent with a standard 
error of 1.59 percent. When the observed 
numbers in the F, were compared to the 
expected numbers on the basis .of 28.14 per- 
cent recombination, a good fit was obtained 
as shown in Table IV. When the observed 
numbers in the Fs were compared to the 
expected numbers on the basis of 28.14 per- 
cent recombination as shown in Table V, a 
good fit was also obtained. 


TABLE III. Distribution of 776 F, green plants into 
their different genotypes as determined by F; breeding 
behavior 

Number of plants showing indi- 
cated breeding behavior in Fs 

Green, 

Green, virescent, 
white 


Green, 


Green virescent white 
al 


131 


160 450 


172 


246 





Observed F, distribution compared with 
28.14 percent 


TABLE IV. 

the calculated F, distribution with 

recombination 

Green Virescent 
t44 
446 


Ys] 
rs 1007 


0; P between 0.50 and 0.20 


TABLE V. Observed Fy, distribution compared with 
the calculated F, distribution with 28.14 percent re- 
combinaticn 


Number of Fs lines showing 
indicated seedling types 
Green, 
Green, virescent, 
white 


Green, 
Green virescent white 


Item 


160 
151 


450 
444 


131 
151 


Observed numbers 
Calculatec 





betweer 0.59 and 0.20 
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Partial maps of the two linkage groups 
include the following genes: 
Group III n es 
Group VII br Ve 
where (7) is the gene for naked caryopsis 
and (br) is the gene for brachytic plant. 
The relative arrangements when the two 
groups are combined to form one linkage 
group can be determined by the above data 
and data of Robertson® and Arny.! The four 
possible arrangements of these two groups 
are: 
(1) a n Ve br 
(2) n ee br Ye 
(3) Aes n br Ve 
(4) n ee ye br 
Robertson? has shown that (y-) is independ- 
ent of (7) and that (ace) is independent of 
Arny! reported independence of the 
genes (nv) and (br). The correct arrange- 
ment of the two linkage groups when com- 
bined, therefore, appears to be number (4). 


(br). 


Summary 

Linkage was found between the genes for 
white seedling (a-2) on linkage group III 
and for virescent seedling (ye) on linkage 
group VII. 

The recombination values between 
genes was 25.55 + 7.13 percent from F: 
alone, 28.32 + 1.63 percent from Fs 
alone, and 28.14 + 1.59 percent from 
bined F. and Fs data. 

From these data and other published and un- 
published data, it appears that the gene for 
naked caryopsis (n) and the gene for brachy- 
tic plant (br) are at opposite ends of this 
chromosome. 
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BEHAVIOR OF THREE COAT-COLOR 
FACTORS IN SYRIAN HAMSTERS 


RarE WHITNEY* 


HE Syrian hamster has been used 

extensively in the laboratory 

since its introduction as a biolo- 
gist’s tool in the 1930's! >. It is interest- 
ing that, according to these authors, all 
presently-known laboratory hamsters of 
the United States and Great Britain 
have come from one litter of hamsters 
of which three (one male and two fe- 
males) survived to become the fore- 
runners of all the animals now used as 
domesticated research animals. 

Despite the extensive use of hamsters 
for research, only a few reports have 
appeared in the literature concerning 
their genetic traits: piebald, and a red- 
eved strain were exhibited by Hindle’; 
cream (¢), a coat-color, and ruby-eye 
(ru), both recessives, were reported by 
Robinson‘ ; and again the piebald factor 
was studied by Foote* 4 and by Orsini®, 
both of whom reported its association 
with retarded growth and_ urogenital 
abnormalities. The following varieties 
are indicated as available from producers 
listed in the pre-publication material for 
the forthcoming “Handbook of Labora- 
tory Animals” (National Academy of 
Sciences- National Council) : 
“Panda Bear” from the Gulf Hamstery ; 
and “Recessive White Spotted”, “Taw- 
ney’, “W”", “White Vineland” from the 
Bucknell University laboratories. The 
interaction of most of these coat color 
variations, however, not to our 
knowledge been reported. 

This paper presents preliminary data 
the agouti or golden 
coat ; the so-called “albino” ; and tke pie- 
bald or spotted. We have interbred 
hamsters having these three types of 
coats and have inbred the F, hybrid 
offspring by brother-sister matings to 
obtain the F. generations. We have 
enough data now to give a fairly clear 
indication of how these genes behave in 
their interaction with one another. 
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Description of the Characters 
Agouti 

The agouti coat is a golden brown 
dorsally and white (or pale cream, ac- 
cording to Robinson’) on the ventral 
surface except for a band of agouti that 
extends across the upper chest on the 
ventral surface. A blaze of the light 
under-coloring extends along the lower 
cheek and throat and is bordered by a 
band of dark brown. 
White 

Our white animals were originally ob- 
tained from the La Casse stock by pre- 
vious workers at this laboratory and are 
the animals generally referred to by 
commercial breeders as “albino.” They 
are not, however, true albinos. They 
simulate the himalayan pattern of rabbits 
in having pigment located mainly in the 
skin of the ears; they differ from the 
classical himalayan pattern, however, 
failing to develop pigment in the fur of 
the snout tail. They do 
have a small flecks of pigment in 
the skin about the genitals, particularly 
in the males. A small number our 
animals have developed pigment in the 
eyes upon reaching maturity, but we 
have no information yet, as to how this 
pigment controlled. A preliminary 
study of limited indicates the 
strong probability that the black pig- 
ment of the skin is not temperature-in- 
fluenced. However further studies are 
necessary to establish this without doubt. 
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Spotting 
These animals were obtained from the 
Gulf Hamstery where they are call 


“Panda” hamsters. Spottin 


ed 


ris expressed 
as the appearance of various amounts of 
white in the agouti coat, and a disap- 
pearance of the agouti band across the 
chest®. As both Foote*:4 and Orsini® 
have pointed out, these animals are re- 
tarded in their growth and are smaller 
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both as infants and as adults than are 
agouti animals. We have not yet found 
sterile females in our small colony, but 
out records indicate that fewer males of 
the piebald strain may be weaned than 
would normally be expected, (see Table 
II). Orsini reports that “the piebald 
pattern appears to be inherited as a 
single recessive, but with variable ex- 
pression ranging from virtually normal 
to individuals with more than half the 
body surface white.” Our observations 
agree with this; at the present writing 
our data indicate that the degree of spot- 
ting in the parents does not seem to 
influence its distribution in the offspring. 


Results and Discussion 

It is apparent that the genes for agouti, 
spotting and white are individual factors and 
lie on separate autosomal chromosomes. The 
agouti is dominant in its expression to both 
white and spotting, and the factor for white 
appears to be epistatic to spotting, resulting in 
an F: dihybrid ratio of 9:3:4, (Table IT) 
Should it be, however, that the homozygous 


TABLE I. F, litters obtained by 


Parent 


phenotypes 


GP45.6SG (45.6) 
GP46.38G (46.3) 
GP45.X1SG(45.X1) 


Expected 
Obser 


GP45.8al (45.8) white 
GP46.3ah (46.3) 


GP46.15HY (46.15) 


white 


white 


Expected white: no spotted 


white: no spotted 
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recessive combination of white and spotting 
together is lethal, further accumulation of F, 
offspring as well as using the F. whites for 
test crosses with spotted males will be neces- 
sary to demonstrate this fact. 

All records of coat colors in our colony were 
made at weaning since any disturbance of the 
mother during the week or two following the 
birth of her young is likely to lead to cannibal- 
ism of the entire brood. It is not uncommon, 
normally, for several fewer young to be 
weaned than are born, and in this may lie a 
possible error in our judgment concerning the 
pattern of gene segregation in the F. genera 
tion; however, all agouti and white animals 
have been normally vigorous and healthy, and 
the reasonably good survival of spotted ani 
mals in our litters has led us to believe that 
any loss of young during the suckling period 
has been a random one with the possible ex- 
ception of spotted males (see below). Further 
studies will verify this. 

It will be seen from Table I that reciprocal 
crosses have not been made in crossing agouti 
with spotted animals and spotted with white 
animals. Data from the F» litters of agouti- 
spotted crosses, however, show that sex-link- 
age is not involved in any of the genes under 
consideration. If, for example, spotting wer« 
sex-linked, the expected F: litters would con 


interbreeding parent color types 


F, Offspring 
Spotted 


2 


Probable 


Whit 
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tain agouti females only (no spotted females) ; 
and males would be agouti in half their num- 
ber and spotted in the remainder. Instead, our 
F, litters contained females of both color 
types and there were nine agouti and two 
spotted males as would be expected in a 3:1 
ratio. No spotted males have been found in 
our F, spotted-white hybrids, and this may be 
the result of sibling competition between the 
less vigorous spotted animals, and the normally 
vigorous white and agouti animals. 

Inasmuch as the expression of two of these 
genes appears to follow that of similar genes 
in other mammals as described by Castle? we 
vare designating these genes in the following 
way. 4" for the normal wild agouti coat with 
the light under-belly; s to indicate recessive 
spotting as opposed to the dominant S for self 
or uniform coloring. For the white coat fac- 
tor, we have used e” as a temporary designa- 
tion until more information can be collected 
concerning the nature of this gene. It is pos- 
sible that this gene is one of the “non-exten- 
sion” series, as is the cream (e) reported by 
Robinson, but more extreme in its expression; 
it restricts the appearance of pigment to the 
melanin only, and limits it to the ears, flecks 
about the genitals, and occasionally the eyes 
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Cream and white animals should be bred to- 
gether to test this point. We have just ob- 
tained a pair of cream hamsters, and have 
scheduled a series of such matings with our 
white animals. 

It may be interesting to young students of 
genetics to point out that the hamster is rich 
in a variety of characteristics which are suit- 
able for genetic study; their temperament, 
whether quiet or nervous; the size of the ears, 
whether large or small; the “set” of the ears, 
whether held erect or whether folded; their 
posture when sitting on their haunches, wheth- 
er straight and erect or slightly slumped; their 
behavior, when alarmed, whether to jump at 
an intruder, or to take his presence with rea- 
sonable calm. These and other characteristics 
are present in our colony and we hope in time 
to identify those which are specifically con 
trolled by genes 


Summary 
Three coat colors are described: agouti, 
spotted and white. Data are presented on F 
and F:2 generations obtained from the crossing 
of agouti and spotted; agouti and white; and 
white and spotted animals 
The three factors for coat color appear 





by inbreeding F, individuals 
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T otai 6 ; 
t ) ti: 10 wh 
Oo 1: 28 avouti: 12 white x2 = 0.23 P »« 7 Ase P 2 
2 Ag —X —s pe Fi Hy f 
GP45.68G(14.16) agout agouti SsEE SsEE 
(14.17 ig agouti SsEE SsEE + 7 
(15.16 igout 1zout SsEE SsEE + ) 2 2 
T otal ) ( 
Ex 21.75 ag 7.25 spott 
Ot d: 21.00 agout 8.04 tt x" 0.625 P 0 5 ss Ps 3 
.. Se - te F hetd 
GP4 5.6 agout gout SsEe* SsEe“ 
(5.6 agouti agout SsEe* SsEe™ é 
(5.6) 12 ti ig ti SsFe™ S:Fe“ 2 
GP46.1SHY(19.21) gout gout SsEe* Sse ) 
(20.22A) ag gout SsEe* SsEe™ 
(19.22A) —agout gout SsEe™ SsEe" > 
Tota 12 8 2 2 6 
Expected: 16.88 agouti: 5.62 spotted: 7.50 white x- 2.939 P = 0.2-0.3 
2 Assur g a rat { 9:3:4 


Observed: 20.00 agouti: 


2.00 spotted: 8.00 white 
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to be inherited independently, on autosomal 
chromosomes, i.e., they are not sex-linked. The 
factor for agouti is dominant to the other two 
genes, and the factor for white appears to be 
epistatic to the recessive factor for spotting, 
resulting in a ratio of 9 agouti: 3 spotted: 
4 white in the F: generation. 

The symbol A”® is used for agouti coat 
color, and s for the recessive spotting. A 
temporary designation of e“ is used for white 
coat color until more information can be ob- 
tained concerning the nature of this gene. 
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with flowers which did not have the charac- 
teristic purple petal spot. In such flowers the 
area normally showing the spot was slightly 
lighter yellow in color than the remainder of 
the petal. It was observed that stems and 
petioles of plants without the purple petal 
spot were green with no evidence of anthocy- 
anin production. 

Pure lines without the purple petal spot and 
with green stems and petioles were developed 
by inbreeding and selection in PI 209231. One 
of these lines, BG-53-90, was crossed recipro- 
cally with BG-52-29, a Salvadorian line with 
the purple petal spot. Parental, Fi, F.2 and 
backcross populations were grown and classi- 
fied for petal spot. The results of these classi- 
fications are given in Table I. Parental and 


TABLE I. Classifications for petal spot in parental, F,, F. and backcross 
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BG-52-29. 
BG-53-90 
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BG-53-90 & BG-52-29 
(BG-53-90 & BG-52-29)Fe 
(BG- BG-52-29) & BG-52-29 
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om page 152) 


F, flowers are shown 


purple petal spot of BG-52-29 was com 
pletely dominant in the Fi. The Fs segregated 
in a ratio of three with the petal spot to one 
without the petal spot. Flowers of all plants in 
the backcross population to BG-52-29 carriec 
the petal spot, while those in the backcross 
population to BG-53-90 segregated in a ratio 
of one with the petal spot to one without the 
petal spot. Plants without the purple petal 
spot in F., and backcross populations were 
green, being similar to the original parental 
line, BG-53-90. These data indicate monofac- 
torial inheritance with dominance for the pur- 
ple petal spot. An association between antho- 
cyanin production in flowers, stems and peti- 
oles is also indicated. 
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MUTATION AND AN INVERSION IN 
RHOEO DISCOLOR 


RAYMOND QO. 


HE diploid chromosome comple- 
ment Rhoeo discolor has been 
SO rearranged by spontaneous re- 
ciprocal translocations that none of its 
12 chromosomes are structurally alike. 
Chiasmata between homologous distal 
segments result in either a ring of 12 
chromosomes or to three chains at 
diakinesis and metaphase I. In a study 
of chromosome sequence in the ring and 
chains, Sax** found and reaffirmed an 
exact and constant order, and rightfully 
discounted former reports as being in- 
lequate or unsupported. He reported 
that: “Two heterobrachial chromosomes 
are followed by long approximately iso- 
bracl chromosome which is attached 
to another ‘pair’ of heterobrachial chro- 
mosome followed by a_ short 
brachial chromosome and 
tinctly heterobrachial ‘pair.’ 
brachial chromosomes are invariably at- 
iched at their proximal ids. 
hromosomes are always found 
order in ring.” Sax 
-hromosomes in accordance 
al interchange theory 
ga “normal” aB being 
interchange chromosome resulting 
reciprocal translocation between 
chromosomes a4 and DB. To avoid con- 
the same system is used in thi 
but r does not imply a knowl- 
to which chromosomes are “nor- 
which are results of interchange 
‘ntification Sax’ stated that the 
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“large connecting 
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hains followed the pattern described by Sax. 
Interest in determining which chromosomes 
had formed the inversion bridge, led to a 
more detailed study. A chain of 12 chromo- 
somes clearly showing primary constrictions 
and terminal chiasmata, was drawn with the 
aid of a camera lucida, and a comparison of 
relative chromosome size and arm length was 
made (Figures 22 and 23). Lewitsky’s adapta- 
tion of the Pythagorean theorem was used to 
determine the length of any foreshortened chro- 
sequence did not conform 
by Sax’, six additional 
ring were also measured. 
was a slight variation in 
chromosome length from cell to cell, the 
relative sizes verified the first result. 

The general sequence of heterobrachial (/) 
and isobrachial (1) chromosomes is the same 
pattern of Sax, namely: 


h-i-h-A-1*-h* 


mosomes. As the 
to that described 
chains and one 
Although there 


as the 
h-i-i-i-i-h 


may be associated by a 
first and last A to form 
chiasmata at any point 
may result in a chain or chains. 
The measurable difference between Sax’s ma- 
terial and Husted’s lies in the size of the 
chromosomes at specific positions. The ital- 
icized portion of the above pattern indicates 
the position of the large “connecting” chromo- 
some, Cb, and the longest heterobrachial 
hromosome, Cc, in Sax’s material. The 
asterisks indicate the position of the large 
“connecting” chromosome, Cb, and the largest 
heterobrachial chromosome, CB, in the mate- 

rial on Husted’s slide (Figure 23). 
Darlington 3.4.5 distinguishes three major 
chromosomes of 


segments in the 
heterozygotes: (1) terminal pairing 
segments; (2) 


homologous distal 

differential segments—“two segments homol- 
gous wit one another, each lying between 
segments which do not continue this homology 
include the centromeres or not” 
segments—segments lying be- 
interchange and the pri- 
also considered cross- 
Segments as e€x- 


This arrangement 
chiasma between the 

failure of 
or points 


a ring, or 


ypes ot 


complex 


segments 


They may 
3) interstitial 
point of 
constriction. He 
ing-over between differential 
ynal and crossing-over between interstitial 


tween the 
mary 


cepti 
segments as rare. If this and the putative 
rigin of complex heterozygotes be considered 
as fact, the translocation which led to the 
lifferent chromosome sequence (change of 
pairing type) in Rhoeo discolor, could have 
occurred between non-homologous, non-cor- 
responding, distal segments. The translocation 
may have been between arms which had not 
yet undergone segmental interchange. 
Formation of viable gametes in Rhoeo dis- 
lor requires that adjacent chromosomes go 
to opposite poles at anaphase I. The sets of 
chromosomes thus separated may be called 
complex alpha and complex beta respectively 
(Figure 24). Since previous studies strongly 
indicate that a viable zygote is produced in 
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p>» 
RELATIVE CHROMOSOME LENGTHS 
Figure 23 
Relative lengths of first-division metaphase 
chromosomes. Corresponds to Figure 22 


Rh 0 
gamete 


discolor only through the union 
containing an alpha complex with a 
gamete containing a beta complex, a trans- 
location between opposite complexes, exclud 
ing homologous distal segments, woul 
expected to result in lethality. Even if 
not lethal, the union of a resultant gam 
containing the translocated distal 
with a normal gamete would yield 
which a ring of 12 chromosomes would 
be possible because uf the presence of 
pairing segment in triplicate and 

distal segment. 


segment 


sence of some other 
improbable possibility would be the union 
an alpha gamete with a beta gamete bot! 
of which had resulted from an identical seg- 
mental interchange. This seemed so improb 
able that it was considered no further 

Darlington’.4.5 would lead one to believe 
that the segmental interchange y t 
give a change of pairing type, could arise 
through a crossover between non-correspon 
ing differential segments within the same com 

It appears essential that the inter ge 
be within the same —. and be betwee: 
non-corresponding segments, . between rn 
C and b but not between C m1 B in 
alpha (see Sax’s order given gs te 
ential segments afford perhaps one of 
means for reciprocal translocation in 
heterozygotes, but this is not the only 
bility. A rearranged chromosome sequet 
could come about by a segmental interchang¢ 
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corresponding segments, whether they 
differential, interstitial or distal. 

In addition to the credible translocations 
ready mentioned, the origin of the ireeite yme 
sequence divergent fri vs that recorded by S 
can be explained by the following possibilit 
A crossover may have occurred between 
distal homologous segments in arm C of chr 
mosome cC and arm b of chromosome DB in a 
plant with a ring order like that described by 
Sax. The emanant metaphase is shown dia- 
grammatically in Figure 24. The following 


necessary ) 


plex. 
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SEGMENTAL INTERCHANGE 
Figure 24 
Diagram showing metaphase following cross 
between non-distal homologous seg- 
non-corresponding arms in the same 
complex. Possible origin of a new chromo 
some sequence from a sequence like that re- 
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(Figure 25). When the structure 

viewed through an ordinary microscope, 
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that were 


was not clearly 
tron some cytoplasmic particles 
The fragment, however, appeared 
different to prompt the use of a 
phase-contrast microscope, which definitely 
removed the nescience, A thorough search of 
the slide revealed 79 additional first-division 
anaphases, but none of these showed a bridge. 
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INVERSION BRIDGE 
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are longer than the isobrachial chromosome 
involved in the bridge. Compared to the length 
yf heterobrachial chromosome ed (Figure 23), 
four heterobrachial chromosomes (Ee, cD, cb, 
CB) are longer and one (a8) is the same. 
In Figure 25 the longest heterobrachial (CB) 
is seen in the lower left-hand corner. The 
three heterobrachial chromosomes on its right 
are all longer than the heterobrachial chromo- 
some on the upper end of the bridge. The 
heterobrachial chromosome (a8) lying over 
the isobrachial chromosome in the upper left- 
hand corner, is the same length as the hetero- 
brachial chromosome included in the bridge 
configuration. The inversion seems to be lo- 
cated in arm d of either chromosome ed or dF. 

In an inversion crossover such as the one 
that evidently gave rise to the structure shown 
in Figure 25 the length of the fragment is 
equal to the length of the inverted region and 
twice the length of the uninverted region from 
the end of the arm to the inverted region. 44 
cause the size of the fragment is small, it is 
obvious that the inversion is smaller and 5 
to the end of the chromosome. The minute- 
ness of the inverted region would be expected 
to make crossing-over therein rather rare. 
On the other hand, if the distal pairing seg- 
ments were short, crossing-over within the 
inversion might be expected to be more fre- 
quent. As only one bridge was found in the 
80 cells examined here at anaphase, it is not 
possible to estimate the freques: y of crossing- 
over, but one might infer that it is low. Dar- 
lington® reported finding six bridges “in some 
hundreds of cells.” He displayed two figures 
with small fragments though larger than the 
one found here. Darlington’s® opinion was: 
“Inversion crossing-over in Rhoeo is important 
in the results it fails to give. No large frag- 
ments are formed. Yet we know that all the 
differences between two sets of chromosomes 
in Rhoeo must be more or less remote from 
the ends.” Also: “Fragments are small in 
Rhoeo showing that the assumption of 
pairing and crossing-over being restricted to 
the end regions is justified.” The small frag- 
ments indicate that Darlington’s inversion and 
the one reported here are small and nearly 
terminal. The minute fragment found here 
would suggest that the inversion is so small 
and so close to the end of the arm that pairing 
would not be expected to be restricted to the 
terminal uninverted region. This and the im- 
plied rarity of crossing-over within the in- 
version may indicate that the distal pairing 
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segments are sufficiently long for chiasmata to 
form in a region proximal to the inversion. 
That this is so is borne out by Braungart’s! 
observations of triple chiasmata in tetraploid 
Rhoeo. 


Summary 

A different chromosome sequence is de- 
scribed in Rhoeo discolor. It it suggested that 
it originated through structural change in a 
plant with a chromosome sequence like that 
described by Sax’. A gamete containing a 
normal complex may have united with a gam- 
ete containing an opposite complex which had 
undergone a segmental interchange between 
non-corresponding arms with non-homologous 
distal segments, viz. between arm C of chromo- 
some cC and arm 0b of chromosome DB. The 
segmental interchange may have been due to 
a reciprocal translocation or a crossover be- 
tween homologous differential regions. It is 
pointed out that many similar rearrangements 
¥§ chromosome sequence may occur in Rhoeo 
but are undetectable. 

Evidence is presented for a very small, near- 
ly terminal inversion being located in arm d 
of either chromosome ed or dF. It appears 
that the distal pairing segments are sufficiently 
long for chiasmata to form in a region proxi- 
mal to the inversion, i.e. that the distal pairing 
segments may be longer than they have been 
previously considered. 
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ORANGE-TAN—A RECESSIVE MUTANT IN 
DEER MICE 


Haroip J. Ecoscue 


AN, yellow, and various shades of 

buff-colored aberrants are known 

for a number of vertebrates in- 
cluding several wild and domestic 
rodents. These and other mutations in 
common laboratory animals i.e., the 
mouse, rat and guinea pig, have been 
the subjects of numerous studies. In 
native mammals, however, many aber- 
rants are known only from museum 
specimens. Some of these have been 
tentatively assigned to recognized 
phenotypes and genotypes of labora- 
tory animals, but a majority of the as- 
signments have never been confirmed 
by breeding tests, either due to a lack 
of live animals or because most species 
would not reproduce in captivity. In 
the absence of breeding tests, the lethal 
mutation A” (lethal yellow) of house 
mice® 78 is usually regarded as an un- 
likely speculative explanation for sports 
of this color when they appear in native 
mammals. 
, Castle? found a yellow, black-eyed 
variety of the Norway rat, Rattus 
norvegicus, livetrapped from a_ wild 
population in England to be due to a 
simple Mendelian recessive gene when 
crossed with the wild type. Storer and 
Gregory® described several color aber- 
rations of pocket gophers, primarily 
from study skins; among these were 
specimens provisionally referred to as 
self-red, eeC, a mutation from extended 
(E) which effects the extension of 
black or chocolate, and dilute self-red, 
cec’, from non-extended (e). “Yellow” 
Peromyscus maniculatus gambelu 
(Baird) from California were discussed 
by Sumner’? who presented some pre- 
liminary views on the genetics of these 
mice and described pelage differences 
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between juveniles as well as adults of 
the “yellow” and wild types. Sub- 
sequently, Sumner! published data 
from a limited number of matings 
which tended to verify his’ earlier 
opinion’? that yellow P.m. gambeliu 
were simple Mendelian recessives that 
arose through discontinuous variation. 

This paper describes “orange-tan ;” 
a_ black-eyed, homozygous _ recessive 
color aberrant the deer mouse, 
Peromyscus maniculatus sonoriensis 
(LeConte) and records the results of 
breeding tests made between “orange- 
tan” and the normal or agouti-colored 
wild type. 


of 


Materials and Methods 


Breeding tests were conducted at the 
Faunal Laboratory of Ecological 
search, a University of Utah project 
at Dugway, Utah. Except for minor 
changes, the care and management of 
the deer mouse colony is the same as 
previously described’. 

Most of the original stock of deer 
mice were livetrapped from  semi- 
stabilized dunes in south-central Tooele 
County, Utah. Peromyscus maniculatus 
from this area are variable but are 
readily referable to the subspecies 
sonoriensis*, 

The first orange-tan mice, a male and 
a female, were discovered in 1953 
among a litter of six produced by a 
pair of wild-trapped normal individuals ; 
all other young born to this pair were 
the wild type. The aberrant sibs failed 
to breed, but a backcross between the 
female and her father resulted in a 
single litter of six, four of which were 


Re- 


orange-tan and two normal. The small 
colony of orange-tan mice still being 


Dugway, Utah, and Iowa State College, Ames, 


Iowa, respectively. This work was part of a project supported by U.S. Army Chemical Corps 


contract No. DA-18-064-CML-2639 with the University of Utah. 


The authors are indebted 


to the staff of Ecological Research for many helpful suggestions and especially to E. A. Shippee 
who collected most of the deer mice used to establish the original colony. 


189 





190 The Journal 


maintained at the Faunal Laboratory 
and all orange-tam mice used during 
the present study are descendants of 
this backcross. 

Hereafter the descriptive terms 
“orange-tan” and “normal” usually are 
referred to as of and N, respectively. 

The following crosses were made to 
test the genotype of the of aberrant: 
(1) P; among eight of 9 9 and eight 
N 2 and a reciprocal P; using the 
same number of pairs; (2) F, using 
three pairs of siblings and 10 pairs 
of non-siblings; (3) backcross of -F; 

N (two pairs) and F, X ot (four 
pairs). Presumably all N mice selected 
for the P,; and F, * N were homo- 
zygous. 

Routine records kept for all breeding 
stock permitted additional comparisons 
between of and N mice as follows: (1) 
reproductive potential of females; (2) 
minimum, maximum and average litter 
(3) secondary sex ratios of pro- 
(4) frequency of mammary 
and (5) behavior character- 


Sizes ; 
geny ; 
tumors ; 
istics. 

Embryo counts from wild mice and 
litters born to captive wild females in 
the colony are compared with litter 
sizes of laboratory-born N and ot fe- 
males. 

Description of Aberrant 

Before giving other descriptive de- 
tails, it might be well to point out that 
ot mice are not self-colored but retain 
the normally white underparts, _ bi- 
colored tail, white pre-auricular patches 
and basal plumbeous zone on hairs of 
both upper and lower parts. In of 


TABLE I. Crosses made between orange-tan 


orange-tan, 
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mice, however, this plumbeous color 
may be a shade or two paler than in 
N mice. 

1. Juveniles—Newborn ot nestlings 
are indistinguishable until about 
beginning of the third day when N 
young become noticeably pigmented 
along the dorsum while of mice remain 
pink. From the time the hair first ap- 
pears until about the fifteenth day, of 
mice are light buff-tan with faint gray 
undertones appearing the ninth or tenth 
day. During this period, they closely 
resemble dilute brown house mice in 
color. As the mice approach and pass 
weaning age, the gray undertone be- 
comes more apparent due to a lengthen- 
ing of the fur which results in a pro- 
portional change between the amount 
of plumbeous color at the base of each 
hair and its tan tip. At this age there 
resemblance to dilute 
house mice. 

2. Subadults—Following the = sub- 
adult molt, of mice are pale yellow-tan 
to pale orange-tan, the colors being 
brightest on the sides and head. 

3. Adults—Sub-adult colors are 
tensified considerably in adults, 
though there is individual variation as 
well as variation due to age. The orange 
tone is especially rich in some older 
animals. The black admixture in the 
fur of N mice is lacking entirely i 
ot mice. In_ this 
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sonoriensis but that the ears and tail 
of the aberrants carried the usual 
amount of black pigment found in wild 
gambelit. Sumner (op. cit.) also found 
that the plumbeous zone on the mid- 
ventral surface was lacking, this area 
being entiely white in “yellow” gambelit. 
No examples of this condition were 
found among ot mice. 


Results and Discussion 


In the F. generation, the ratio of normal 
to orange-tan mice very closely approximated 
3:1; the chi-square value being .5922; the 
progeny from the backcross F, ot were about 
equally divided between of and N types. In 
each cross the deviation from the standard 
error at the 95 percent level was not signifi 
cant. These tests and others summarized in 
Table I clearly indicate “orange-tan” is a 
homozygous recessive character, possibly an 
additional example of (¢), the lowest allelo 
morph of the extension series, and a_ well 
known phenotype in mammals. It was _ rea- 
sonably certain that the litters used to com 
pute phenotypic ratios contained the sam 
number of young when their colors were r¢ 
corded as they did at parturition. 

Most of the data comparing litter sizes is 
presented in Table II. Orange-tan females 
bore smaller litters (1-7) than did wildtrapped 
females (1-9) or first generation laboratory 
bred females (1-10). Embryo cour 
deer mice collected during field 
Tooele County gave extremes of three 
and a mean of 4.19 
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As many as 14 litters were prod 
370 days by N females, while 11 
maximum number of litters borne by an 
female over a 12-month period. The average 
number of litters produced in a lifetime are 
compared in Table II. Some of the extremes 
(not shown) are noteworthy. For instance, 
one N female produced 30 littters in 33 
months, while another gave birth to one litter 
each year, for three years. The maximum 
number of litters produced during a lifetime 
by ot females was 18 
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About 12 percent of the aberrant females 
and four percent of the NV females selected for 
breeding stock were infertile. It is recognized 
that the highly inbred state of the ot colony 
may be responsible, in part at least, for the 
generally lower over-all reproductive rate of 
these mice. 

The secondary sex-ratio based on 130 litters 
of ot mice was 50.7 percent males and 49.3 
percent females. No attempt was made to 
determine the primary sex-ratios. 

The incidence of spontaneous tumors in 
the mammary region is somewhat higher for 
ot females (15 percent), than N females (4 
percent). It is noteworthy that most tumors 
were found on older animals that had ex- 
perienced 10 or more pregnancies, the neo- 
plasms appearing near or at the terminus of 
the individual’s reproductive life. None of the 
tumors was studied in detail, but all were 
believed to have contributed directly to the 
death of the host. In deer mice, late stages 
of this condition are accompanied by the 
same symptoms of general ill health de- 
scribed by Cloudman® for house mice. 

Deer mice of the subspecies sonoriensis are 
easily domesticated, and, in our experience, 
they are far less nervous and adjust more 
readily to captivity than certain other crice- 
tids, notably canyon mice, Peromyscus 
crinitus pergracilis Goldman and harvest mice, 
Reithrodontomys megalotis megalotis (Baird). 
Orange-tan mice are particularly unafraid, the 
change in color apparently being accompanied 
by a no less remarkable modification of tem- 
perament. It is the rule rather than the 
exception for female deer mice to bite and 
otherwise resist attempts to move them from 
nests containing their young, but many ot 
females attacked the fingers or forceps 
whether litters were present or not. Certain 
ot females with litters were especially vicious. 
Occasionally, of males made unprovoked at- 
tacks. 


Summary 


The results of breeding tests indicate 
“orange-tan” to be due to a recessive “muta- 
tion” in the deer mouse, Peromyscus mani- 
culatus sonoriensts; it is thought to be an 
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additional example of (¢) of the extension 
series although there is no experimental evi- 
dence to support this hypothesis. All age 
classes of the aberrant are described and each 
is distinctly different in color from the cor- 
responding age group of the wild type. The 
change in color is accompanied by lower 
fertility, smaller litters, higher incidence of 
mammary tumors and more aggressive be- 
havior. 
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“SwANSON has admirably succeeded in his 
primary purpose of reassessing the status of 
cytogenetics. In its weakening, or destruction, 
of long-held ideas, the book may prove discon- 
certing to the average graduate student, who 
likes to carry his information in neatly finished 
packages. But to the student who will soon 
take his place in the ranks of those who are 
pushing the front forward, it presents a fasci- 
nating vista of possibilities and challenges. 
And such a student is, after all, the only one 


who really matters.” 
from a review in SCIENCE 


CYTOLOGY AND CYTOGENETICS pre- 
sents, in comprehensive detail, the structure, 
behavior and evolution of the hereditary ma- 
terial in both plants and animals. Following 
an exitmination of cell structure, cell division 
and syngany, and the chromosome theory of 
inheritance, the book deals with the problem 
of chromosome structure and behavior—which 
includes a detailed analysis of crossing over 

If you have not yet seen Dr. Swanson’s new 
text (Pub. 1957, 596 pp. Text list $10.00), a 
postcard to BOX #903 will bring you an 
examination copy promptly. 


| PRENTICE-HALL, Inc. 
Englewood Cliffs, New Jersey 
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